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1
EFFECTOR-DEFICIENT ANTI-CD32A
ANTIBODIES

SEQUENCE LISTING

The instant application contains a Sequence Listing, which
has been submitted electronically in ASCII format and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Nov. 20, 2014, is named 01119-0008-
00US_SL.txt and is 111,245 bytes in size.

FIELD

Methods and compositions for treating and preventing dis-
eases and disorders mediated by CD32a are provided.

BACKGROUND

The effector, or Fe, regions of antibodies bind to various
receptors on many different cell types. One such receptor is
the CD32aIgG receptor (also known as FecgammaR11a). Ithas
been reported that human platelets and other human cells,
such as basophils, eosinophils, monocytes, neutrophils, den-
dritic cells, macrophages, and mast cells, display cell surface
CD32a receptors (Hogarth P M et al. Fc receptor-targeted
therapies for the treatment of inflammation, cancer and
beyond (March 2012) Nat Rev Drug Discov 11:311; PubMed
1D: 22460124; Bruhns P. Properties of mouse and human IgG
receptors and their contribution to disease models (June
2012) Blood 119:5640; PubMed ID: 22535666). Activation
of CD32a by Fc regions of IgG antibodies (regardless of
antigen specificity) results in a number of in vivo reactions,
many of which have negative consequences for the human
host. For example, IgG activation of CD32a can contribute to
fatality in heparin-induced thrombocytopenia (HIT; see Boon
D M et al. Heparin-induced thrombocytopenia and thrombo-
sis: a potential fatal complication in a routine treatment
(March 1995) Neth ] Med 46:146; PubMed ID: 7731489; and
Warkentin T E et al. Sera from patients with heparin-induced
thrombocytopenia generate platelet-derived microparticles
with procoagulant activity: an explanation for the thrombotic
complications of heparin-induced thrombocytopenia (De-
cember 1994) Blood 84:3691; PubMed ID: 7949124). It has
also been reported that IgG-mediated activation of CD32a on
neutrophils, monocytes, and macrophages promotes airway
inflammation, allergic reactions, and anaphylaxis. See, e.g.
Jonsson F. et al. Human Fc-gamma-RIIA induces anaphylac-
tic and allergic reactions (2012 Mar. 15) Blood 119:2533-44,
PubMed ID: 22138510. Activation of CD32a by IgG-Fc can
also contribute to thrombosis in HIT (see, e.g. Arepally G et
al. Fc gamma RIIA HSR 131 polymorphism, subclass-spe-
cific IgG anti-heparin/platelet factor 4 antibodies and clinical
course in patients with heparin-induced thrombocytopenia
and thrombosis (January 1997) Blood 89:370; PubMed ID:
9002937; Newman P M et al. Heparin-induced thrombocy-
topenia: new evidence for the dynamic binding of purified
anti-PF4-heparin antibodies to platelets and the resultant
platelet activation (July 2000) Blood 96:182; PubMed ID:
10891449; Jaffray B et al. Fatal venous thrombosis after
heparin therapy (March 1991) Lancet 337:561; PubMed ID:
1671929).

Ina 2012 report by Jonsson et al., the authors reported that
blocking the CD32a receptor protected mice from local and
systemic anaphylaxis, and concluded that “[t]argeting
Fc[gamma]RIIA with specific blocking molecules in inflam-
mation and autoimmune/allergic reactions in humans might
lead to similar inhibition as we reported recently for mouse
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Fec[gamma]RIIIA in a murine model of rheumatoid arthritis.”
Id. at 2542. Jonsson continued that “[b]locking Fc[gammal]
RIIA using divalent ligands (eg, mAb IV.3) to prevent allergic
and autoimmune disease in humans, however, should not be
envisioned, as we report here that high-doses of mAb IV.3
induced rather than prevented anaphylaxis.” Id. at 2542 (em-
phasis added). Thus, while blockade of CD32a was a desired
goal for treating inflammatory, autoimmune and allergic dis-
orders, those of skill in the art did not envision blockade with
CD32a antibodies due to their known negative side effects
upon in vivo administration. The inventors have now solved
this problem by providing novel CD32a antibodies that do not
elicit negative side effects such as anaphylaxis.

In addition to diseases and disorders mediated by activa-
tion of CD32a, a number of diseases and disorders are medi-
ated by CD32a interactions with the Fc regions of immobi-
lized IgG, which do not directly activate CD32a.
“Immobilized 1gG” refers to antibody molecules that are
bound to, or precipitated on, a surface and thus have restricted
mobility (i.e., are “immobilized”). Cells having immobilized
IgG may alternatively be described as “IgG-coated” cells.
CD32a is known to interact only weakly with the Fc region of
single IgGG molecules, whether soluble (Hogarth P M et al. Fc
receptor-targeted therapies for the treatment of inflammation,
cancer and beyond (March 2012) Nat Rev Drug Discov
11:311; PubMed ID: 22460124) or immobilized (Wines B D
etal. The IgG Fc contains distinct Fc receptor (FcR) binding
sites: the leukocyte receptors Fc gamma RI and Fc gamma
RIlabind to a region in the Fc distinct from that recognized by
neonatal FcR and protein A (May 2000) J Immunol 164:5313;
PubMed ID: 10799893). Thus, antibodies incapable of
directly activating CD32a nevertheless caused CD32a-medi-
ated diseases and disorders such as thrombocytopenia when
such antibodies were immobilized on the platelet surface
(McKenie et al. The role of the human Fc receptor Fcgam-
maRIIA in the immune clearance of platelets: a transgenic
mouse model (April 1999) J Immunol 162:4311; PubMed ID:
10201963).

IgG-coated platelets (or other cells) are actively cleared
from the circulating blood. For example, it is well known that
in immune thrombocytopenic purpura (ITP), human patients
with circulating anti-platelet antibodies (typically IgG) expe-
rience platelet clearance mediated in large part by the spleen
and the liver, where Fc-receptors (including CD32a) on
phagocytes bind and retain the IgG-coated platelets. Removal
of the spleen (splenectomy) can alleviate this condition.
Unlike with HIT, however, thrombosis is not typically asso-
ciated with the clearance of IgG-coated platelets in ITP;
rather, the clinical problem of bleeding is the more prominent
concern, and improved therapeutic strategies for this problem
are needed (Altomare I et al. Bleeding and mortality out-
comes in ITP clinical trials: a review of thrombopoietin
mimetics data (October 2012) Am J Hematol 87:984;
PubMed ID: 22729832).

CD32a is also known to mediate clearance of IgG-coated
red blood cells (erythrocytes) in CD32a mediated diseases
and disorders such as autoimmune hemolytic anemia
(AIHA). Targeting CD32a with blocking mAbs would thus
seem to be of great utility in treating AIHA; indeed, this was
reported with the anti-CD32 mAb, MDE-8, which was shown
to ameliorate IgG antibody-induced anemia in mice having a
human CD32a transgene but otherwise lacking classical
mouse IgG receptor function—that is, the animals used to test
MDE-8 lacked functional mouse IgG receptors of type I
(CD64) and type 111 (CD16), leaving open the question as to
how these might affect MDE-8 activity in vivo (van Royen-
Kerkhof A et al. A novel human CD32 mAb blocks experi-
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mental immune haemolytic anaemia in FcgammaRIIA trans-
genic mice (July 2005) Br J Haematol 130:130; PubMed ID:
15982355). MDE-8 has not been developed as a therapeutic
antibody. Reasons for the lack of preclinical development of
MDE-8 have not been publicly disclosed. However, the
inventors have now identified and solved a previously unde-
scribed problem with MDE-8 and other anti-CD32a antibod-
ies, namely by modifying them to reduce binding to IgG
Fe-receptors, and so that they no longer mediate clearance via
CD32a when immobilized on cells, thereby making clinical
development possible.

Compositions that can prevent CD32a-mediated clearance
of IgG-coated cells without causing negative side effects are
therefore desired. The inventors herein describe such compo-
sitions and detail their successful use to treat and prevent
CD32a-mediated diseases and disorders.

SUMMARY

In accordance with the description, the inventors have dis-
covered that administration of native anti-CD32a antibodies
in vivo causes adverse reactions that include thrombocytope-
nia, drop in body temperature, and symptoms of shock. The
inventors have found that administering effector-deficient
anti-CD32a antibodies alleviates these adverse reactions.

Therefore, in one embodiment, the present invention pro-
vides a method for preventing adverse reactions caused by
administration of anti-CD32a antibodies by administering
effector-deficient anti-CD32a antibodies. Similarly, methods
for treating CD32a-mediated diseases or disorders compris-
ing administering effector-deficient CD32a antibodies are
provided.

In some instances, the CD32a-mediated disease or disorder
is thrombocytopenia.

In other embodiments, the CD32a-mediated disease or dis-
order is a symptom of shock, including anaphylactic shock.

In still further embodiments, the CD32a-mediated disease
or disorder is an inflammatory, immune, or autoimmune dis-
ease or disorder, including rheumatoid arthritis (RA), psoria-
sis, psoriatic arthritis, inflammatory bowel disease, osteoar-
thritis, and systemic lupus erythematous (SLE).

In still further embodiments, the CD32a-mediated disease
or disorder is heparin-induced thrombocytopenia (HIT),
immune thrombocytopenic purpura (ITP), antiphospholipid
syndrome (APS), thrombosis or thrombocytopenia associ-
ated with autoimmunity or with certain drugs (e.g., heparin)
and antibody therapies (e.g., anti-VEGF, anti-TNFalpha,
anti-IgH, or anti-CD40L immunotherapies), transfusion or
organ transplantation reactions, viral infection, bacterial
infection, allergic asthma, allergic rhinitis, lupus nephritis,
antibody-mediated anemia, anaphylaxis, chronic idiopathic
urticaria (CIU), or airway inflammation.

The inventors have further discovered that administering
effector-competent non-anti-CD32a IgG antibodies can
cause adverse reactions, including thrombocytopenia, a drop
in body temperature, or symptoms of shock. Administering
effector-deficient anti-CD32a antibodies prevents these
adverse reactions. Therefore, in one embodiment, the present
invention provides a method of administering effector-defi-
cient anti-CD32a antibodies to treat adverse reactions caused
by IgG antibodies, including non-CD?32a antibodies.

Compounds for use in these methods are provided, includ-
ing effector-deficient chimeric and humanized AT-10 and
IV.3 and effector-deficient human MDE-8 monoclonal 1gG
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antibodies. The effector-deficient antibodies comprise at least
a portion of the Fc region, and may be full length or may be
truncated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows core body temperatures as a representative
measure of infusion reaction in CD32A mice injected with
either native human MDE-8 antibodies (IgG1, IgG2), or two
different effector-deficient versions of the same MDE-8 anti-
bodies. These effector-deficient antibodies do not cause infu-
sion reactions.

FIG. 2 shows severe thrombocytopenia following intrave-
nous injection of native human MDE-8 mAbs into CD32A
mice and no thrombocytopenia following intravenous injec-
tion of two representative effector-deficient human MDE-8
antibodies.

FIG. 3A shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of native MDE-8 IgG1
mAbs.

FIG. 3B shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of native
MDE-8 IgG1 mAbs.

FIG. 3C shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of effector-deficient
MDE-8 IgG1 mAbs.

FIG. 3D shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of effector-
deficient MDE-8 IgG1 mAbs.

FIG. 3E shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of native MDE-8 1gG2
mAbs.

FIG. 3F shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of native
MDE-8 IgG2 mAbs.

FIG. 3G shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of effector-deficient
MDE-8 IgG2 mAbs.

FIG. 3H shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of effector-
deficient MDE-8 1gG2 mAbs.

FIG. 4A shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of IgG immune
complexes.

FIG. 4B shows flow cytometric analysis of whole blood
from effector-deficient MDE-8 IgG1l E269R anti-CD32a
mAb pre-treated CD32A mice after intravenous injection of
IgG immune complexes.

FIG. 4C shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of IgG immune
complexes.

FIG. 4D shows flow cytometric analysis of whole blood
from effector-deficient MDE-8 IgG2 N297A anti-CD32a
mAb pre-treated CD32A mice after intravenous injection of
IgG immune complexes.

FIG. 5A shows severe thrombocytopenia following intra-
venous injection of IgG immune complexes into CD32A
mice (#1) but not following immune complex injection into
CD32A mice pretreated with effector-deficient MDE-8 IgG1
E269R anti-CD32a mAb (#’s 2-4).

FIG. 5B shows severe thrombocytopenia following intra-
venous injection of IgG immune complexes into CD32A
mice (#1) but not following immune complex injection into
CD32A mice pretreated with effector-deficient MDE-8 1gG2
N297A anti-CD32a mAb (#’s 2-3).
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FIG. 6 A shows the presence of thrombi in the pulmonary
blood vessels of CD32A mice after injection of IgG immune
complexes.

FIG. 6B shows no thrombosis in the pulmonary blood
vessels following IgG immune complex injection into
CD32A mice pretreated with effector-deficient MDE-8 IgG1
E269R anti-CD32a mAbs.

FIG. 6C shows the number of pulmonary thrombi in
CD32A mice either treated with vehicle (#1) or with effector-
deficient MDE-8 IgG1 E269R anti-CD32a mAbs (#’s 2-4).

FIG. 7A shows the presence of thrombi in the pulmonary
blood vessels of CD32A mice after injection of IgG immune
complexes.

FIG. 7B shows no thrombosis in the pulmonary blood
vessels following IgG immune complex injection into
CD32A mice pretreated with effector-deficient MDE-8 1gG2
N297A anti-CD32a mAbs.

FIG. 7C shows the number of pulmonary thrombi in
CD32A mice either treated with vehicle (#1) or with effector-
deficient MDE-8 IgG2 N297A anti-CD32a mAbs (#’s 2-3).

FIG. 8 shows severe thrombocytopenia following intrave-
nous injection of native chimeric AT-10 human IgG1l mAb
into CD32A mice but not following intravenous injection of
effector-deficient chimeric AT-10 human IgG1 E269R.

FIG. 9A shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of native chimeric AT-10
human IgG1 mAbs.

FIG. 9B shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of native chi-
meric AT-10 human IgG1 mAbs.

FIG. 9C shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of effector-deficient
chimeric AT-10 human IgG1 mAbs.

FIG. 9D shows flow cytometric analysis of whole blood
from CD32A mice after the injection of effector-deficient
chimeric AT-10 human IgG1 mAbs.

FIG. 10 shows severe thrombocytopenia following intra-
venous injection of IgG immune complexes into CD32A
mice (#1) but not following immune complex injection into
CD32A mice pretreated with effector-deficient chimeric
AT-10 human IgG1 E269R anti-CD32a mAb (#’s 2-3).

FIG. 11A shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of IgG immune
complexes.

FIG. 11B shows flow cytometric analysis of whole blood
from effector-deficient chimeric AT-10 human IgG1 E269R
anti-CD32a mAb pre-treated CD32A mice after intravenous
injection of IgG immune complexes.

FIG. 12A shows the presence of thrombi in the pulmonary
blood vessels of CD32A mice after injection of IgG immune
complexes.

FIG. 12B shows no thrombosis in the pulmonary blood
vessels following IgG immune complex injection into
CD32A mice pretreated with effector-deficient chimeric
AT-10 human IgG1 E269R anti-CD32a mAb.

FIG. 12C shows the number of pulmonary thrombi in
CD32A mice either treated with vehicle (#1) or with effector-
deficient chimeric AT-10 human IgG1 E269R anti-CD32a
mAb (#s 2-3).

FIG. 13A shows no drop in body temperature of CD32A
mice injected with effector-deficient humanized AT-10 1gG1
E269R (here and below, this is “hAT-10” mAb).

FIG. 13B shows flow cytometric analysis of whole blood
from CD32A mice before intravenous injection of effector-
deficient humanized AT-10 IgG1 E269R
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FIG. 13C shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of effector-
deficient humanized AT-10 IgG1 E269R.

FIG. 13D shows flow cytometric analysis of whole blood
from vehicle pre-treated CD32 A mice after intravenous injec-
tion of IgG immune complexes.

FIG. 13E shows flow cytometric analysis of whole blood
from effector-deficient humanized AT-10 IgG1 E269R anti-
CD32a mAb pre-treated CD32A mice after intravenous
injection of IgG immune complexes.

FIG. 13F shows the number of pulmonary thrombi in
CD32A mice either treated with vehicle or with effector-
deficient humanized AT-10 IgG1 E269R anti-CD32a mAb.

FIG. 13G shows the presence of occlusive thrombi in the
pulmonary blood vessels of CD32A mice after injection of
IgG immune complexes.

FIG. 13H shows no thrombosis in the pulmonary blood
vessels following IgG immune complex injection into
CD32A mice pretreated with effector-deficient humanized
AT-10 IgG1 E269R anti-CD32a mAb.

FIG. 14 A shows dose-dependent severe thrombocytopenia
following intravenous injection of native IV.3 human IgG2
mAbs into CD32A mice but not following intravenous injec-
tion of effector-deficient chimeric IV.3 human IgG2 N297A
mAbs.

FIG. 14B shows no drop in body temperature of CD32A
mice injected with native chimeric IV.3 human IgG2 or with
effector-deficient chimeric IV.3 human IgGG2 N297A.

FIG. 15A shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of native chimeric IV.3
human IgG2 mAbs.

FIG. 15B shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of native chi-
meric [V.3 human IgG2 mAbs.

FIG. 15C shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of effector-deficient
chimeric IV.3 human IgG2 N297A mAbs.

FIG. 15D shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of effector-
deficient chimeric IV.3 human IgG2 N297A mAbs.

FIG. 16A shows flow cytometric analysis of whole blood
from CD32A mice after intravenous injection of IgG immune
complexes.

FIG. 16B shows flow cytometric analysis of whole blood
from effector-deficient chimeric IV.3 human IgG2 N297A
anti-CD32a mAb pre-treated CD32A mice after intravenous
injection of IgG immune complexes.

FIG. 17 shows severe thrombocytopenia following intra-
venous injection of IgG immune complexes into CD32A
mice (#1) but not following immune complex injection into
CD32A mice pretreated with effector-deficient chimeric IV.3
human IgG2 N297A mAbs (#2-#4).

FIG. 18A shows the presence of occlusive thrombi in the
pulmonary blood vessels of CD32A mice after injection of
IgG immune complexes.

FIG. 18B shows no thrombosis in the pulmonary blood
vessels following IgG immune complex injection into
CD32A mice pretreated with effector-deficient chimeric IV.3
human IgG2 N297A anti-CD32a mAbs.

FIG. 18C shows the number of pulmonary thrombi in
CD32A mice either treated with vehicle (#1) or with effector-
deficient chimeric IV.3 IgG2 N297A anti-CD32a mAbs (#2-
#4).

FIG. 19 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or native
mouse [V.3 IgG2b (#2) or native chimeric IV.3 human IgG1
(#3) mAbs.
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FIG. 20 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or degly-
cosylated native mouse IV.3 IgG2b mAbs (#2).

FIG. 21 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or native
chimeric IV.3 human IgG2 mAbs (#’s 2-4).

FIG. 22 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient chimeric IV.3 human IgG2 N297A anti-CD32a
mAbs (#’s 2-3).

FIG. 23 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient chimeric AT-10 human IgG1 E269R anti-CD32a
mAbs (#2).

FIG. 24 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient human MDE-8 IgG1 E269R anti-CD32a mAbs
(#2). The standard platelet agonist collagen (*) was added to
#2 as a positive control in order demonstrate aggregation
competence of the platelets.

FIG. 25 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficienthumanized IV.3.1 IgGG1 E269R (here and below, this
is “hIV.3.1”) (#2) or native mouse 1V.3 1gG2b anti-CD32a
mAbs (3 nM) (#3).

FIG. 26 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized IV.3.1 IgG1 E269R (#2) or native mouse
1V.3 IgG2b anti-CD32a mAbs (2 nM) (#3). The standard
platelet agonist collagen (*) was added to #3 as a positive
control in order demonstrate aggregation competence of the
platelets.

FIG. 27 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized IV.3.1 IgG1l E269R (6 nM) (#2). The
standard platelet agonist collagen (*) was added to #2 as a
positive control in order demonstrate aggregation compe-
tence of the platelets.

FIG. 28 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized IV.3.1 IgG1 E269R (#2) or native mouse
1V.3 IgG2b anti-CD32a mAbs (25 nM) (#3). Buffer (PBS)
alone was added as a negative control (#4).

FIG. 29 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized IV.3.1 IgG1 E269R (40 nM) (#2). The
standard platelet agonist collagen (*) was added to #2 as a
positive control in order demonstrate aggregation compe-
tence of the platelets.

FIG. 30 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized 1V.3.1 IgG1l E269R (33 nM) (#2) or
effector-deficient human MDE-8 IgG1 E269R (50 nM) (#3).

FIG. 31 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or effector-
deficient humanized AT-10 IgG1 E269R (“hAT-10"; 15 nM)
(#2). F(ab")2 fragments of goat anti-human-F(ab')2 (#), which
lack an Fc-domain, were added to #2 to demonstrate aggre-
gation competence.

FIG. 32 shows platelet aggregation response to IgG
immune complexes in the presence of vehicle (#1) or a com-
bination of effector-deficient humanized IV.3.1 IgG1 E269R,
effector-deficient humanized AT-10 1gG1 E269R, and effec-
tor-deficient human MDE-8 IgG1 E269R anti-CD32a mAbs
(#2). The standard platelet agonist collagen (*) was added to
#2 as a positive control in order demonstrate aggregation
competence of the platelets.
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FIG. 33 shows a lack of platelet aggregation response to a
combination of effector-deficient chimeric AT-10 human
1gG1 E269R, effector-deficient chimeric 1V.3 human IgG2
N297A, and effector-deficient human MDE-8 1gG1 E269R
anti-CD32a mAbs.

FIG. 34 shows platelet degranulation in response to IgG
antibodies.

FIG. 35 shows platelet degranulation in response to inflix-
imab immune complexes (bar 1) and the protective effect of
the effector-deficient antibodies described herein (bars 2-4).

FIG. 36A shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of a combination of three
effector-deficient anti-CD32a mAbs.

FIG. 36B shows flow cytometric analysis of whole blood
from CD32A mice after the injection of a combination of
three effector-deficient anti-CD32a mAbs (chimeric AT-10
human IgG1 E269R, chimeric IV.3 human IgG2 N297A, and
human MDE-8 IgG1 E269R; 50 pg of each mAb injected).

FIG. 36C shows flow cytometric analysis of whole blood
from CD32A mice prior to injection of a combination of three
effector-deficient anti-CD32a mAbs.

FIG. 36D shows flow cytometric analysis of whole blood
from CD32A mice after the injection of a combination of
three effector-deficient anti-CD32a mAbs (chimeric AT-10
human IgG1 E269R, chimeric IV.3 human IgG2 N297A, and
human MDE-8 IgGG1 E269R; 100 pug of each mAb injected).

FIG. 36E shows no drop in core body temperature of
CD32A mice after the injection of a combination of three
effector-deficient anti-CD32a mAbs (chimeric AT-10 human
1gG1 E269R, chimeric IV.3 human IgG2 N297A, and human
MDE-8 IgGG1 E269R (denoted “ed-mAbs” in this Figure).

DESCRIPTION OF THE SEQUENCES

Tables 1-5 provide listings of certain sequences referenced
herein.

TABLE 1
CDR segquences

SEQ

iD
NO. Description Sequence

1 AT-10 VH Kabat CDR1 AA YYWMN

2 AT-10 VH Kabat CDR2 AA EIRLKSNNYATHYAESVKG

3 AT-10 VH Kabat CDR3 AA RDEYYAMDY

4 AT-10 VL Kabat CDR1 AA RASESVDNFGISFMN

5 AT-10 VL Kabat CDR2 AA GASNQGS

6 AT-10 VL Kabat CDR3 AA QQSKEVPWT

25 IV.3 VH Kabat CDR1 AA NYGMN

26 IV.3 VH Kabat CDR2 AA WLNTYTGESIYPDDFKG
27 IV.3 VH Kabat CDR3 AA GDYGYDDPLDY

28 IV.3 VL Kabat CDR1 AA RSSKSLLHTNGNTYLH
29 IV.3 VL Kabat CDR2 AA RMSVLAS

30 IV.3 VL Kabat CDR3 AA MQHLEYPLT

54 MDE-8 VH Kabat CDR1 AA SYGMH

55 MDE-8 VH Kabat CDR2 AA VIWYDGSNYYYTDSVKG
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TABLE 1 -continued

CDR sequenceg

CDR gequenceg

SEQ SEQ
D 5 D
NO. Description Sequence NO. Description Sequence
56 MDE-8 VH Kabat CDR3 AA  DLGAAASDY 84 hIV.3.2b VL IMGT CDR3 AA MQHLEYPLT
57 MDE-8 VL Kabat CDR1 AA  RASQGINSALA 88 AT-10 VH IMGT CDR1 AA GFTFSYYW
10
58  MDE-8 VI Kabat CDR2 AA  DASSLES 89 AT-10 VH IMGT CDR2 AA IRLKSNNYAT
90 AT-10 VH IMGT CDR3 AA NRRDEYYAMDY
59 MDE-8 VL Kabat CDR3 AA  QQFNSYPHT
91 AT-10 VL IMGT CDR1 AA ESVDNFGISF
73  hAT-10 VH IMGT CDR1 AA  GFTFSYYW s
92 AT-10 VL IMGT CDR2 AA GAS
74 hAT-10 VH IMGT CDR2 AA  IRLKSNNYAT
93 AT-10 VL IMGT CDR3 AA QQSKEVPWT
75 hAT-10 VH IMGT CDR3 AA  NRRDEYYAMDY
94 MDE-8 VH IMGT CDR1 AA GFTFSSYG
76 hAT-10 VL IMGT CDR1 AA  ESVDNFGISF
20 95 MDE-8 VH IMGT CDR2 AA IWYDGSNY
77 hAT-10 VL IMGT CDR2 AA  GAS
96 MDE-8 VH IMGT CDR3 AA ARDLGAAASDY
78 hAT-10 VL IMGT CDR3 AA  QQSKEVPWT
97 MDE-8 VL IMGT CDR1 AA QGINSA
79 hIV.3.le VH IMGT CDR1 AA GYTFTNYG
25 98 MDE-8 VL IMGT CDR2 AA DAS
80 hIV.3.le VH IMGT CDR2 AA LNTYTGES 65 MDE-2 VI, TMGT CDR2 AA QOFNSYPHT
81 hIV.3.le VH IMGT CDR3 AA ARGDYGYDDPLDY 100 hIV.3.1c VL IMGT CDR1 AA KSLLHTNGNTY
82 hIV.3.2b VL IMGT CDR1 AA KSLLHTNGNTY 30 101 hIV.3.lc VL IMGT CDR2 AA RMS
83 hIV.3.2b VL IMGT CDR2 AA RMS 102 hIV.3.lc VL IMGT CDR3 AA MQHLEYPLT

TABLE 2

AT-10 antibody sequences

SEQ ID

NO.

Description

Sequence

7

10

11

AT-10 VH DNA

AT-10 VH AA

AT-10 VL DNA

AT-10 VL AA

hAT-10 VH DNA

Variable heavy CDR graft
based on HV3-72*01 HJ3-01

acceptor framework

gaagtgaagcttgaggagtcetggaggaggettggtgcaacctggaggatecat
gaaactctcetgtgttgectetggattcactttecagttactactggatgaactgggt
cegecagtetecagagaaggggettgagtgggttgetgaaattagattgaaatet
aataattatgcaacacattatgcggagtctgtgaaagggaggttcaccatctcaa
gagatgattccaaaaataatgtctacctgcaaatgaacaacttaagagctgaaga
cactggcatttattactgtaacaggcegtgatgagtattacgetatggattattggg
gtcaagggacgtcggtatctgtgtetagt

EVKLEESGGGLVQPGGSMKLSCVASGFTFSYY
WMNWVRQSPEKGLEWVAEIRLKSNNYATHY
AESVKGRFTISRDDSKNNVYLOMNNLRAEDTGI
YYCNRRDEYYAMDYWGQGTSVSVSS

gacattgtgctgacccaatctecaggttetttggetgtgtetectagggcagagygy
ccaccatctectgecagagecagegaaagtgttgataattttggeattagttttatg
aactggttccaacagaaaccaggacagccaccecgactecteatetatggtgea
tccaaccaaggatceceggggtecectgecaggtttagtggecagtgggtetgggaca
gacttcagcctcaacatccatectgtggaggaggatgatgetgcaatgtatttet
gtcagcaaagtaaggaggttcegtggacgtteggtggaggcaccaagcetggaa
atcaaa

DIVLTQSPGSLAVSLGQRATISCRASESVDNFGIS
FMNWFQQKPGQPPRLLIYGASNQGSGVPARFS
GSGSGTDFSLNIHPVEEDDAAMYFCQQSKEVP
WTFGGGTKLEIK

gaggtgcagetggtggagtetgggggaggettggtecagectggagggteact
gagactctcetgtgcagectetggattcaccttetcatactattggatggactggy
tcegecaggetecagggaaggggcetggagtgggttggeegtatecagactgaaa
tctaacaactatgccaccgaatacgecgegtetgtgaaaggecagattecaccatet
caagagatgattcaaagaactcactgtatctgcaaatgaacagectgaaaaceg
aggacacggccgtgtattactgtaacagaagagatgagtattacgecatggatta
ttggggccaagggacaatggtcacegtetettea
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TABLE 2 -continued

AT-10 antibody sequences
SEQ ID
NO. Description Sequence
12 hAT-10 VH AA EVQLVESGGGLVQPGGSLRLSCAASGFTFSYYW

13

14

15

16

17

Variable heavy GDR graft
based on HV3-72*%01 HJ3-01

acceptor framework

hAT-10 VL DNA

Variable light GDR graft
based on KV3-11*01 KJ1*01

acceptor framework

hAT-10 VL AA

Variable light GDR graft
based on KV3-11*01 KJ1-01

acceptor framework

AT-10 HC IgGl E269R
DNA

(including constant
region)

AT-10 HC IgGl E269R
AR

(including constant
region)

AT-10 HC IgG2 N297A
DNA

(including constant
region)

MDWVRQAPGKGLEWVGRIRLKSNNYATEYAA
SVKGRFTISRDDSKNSLYLOMNSLKTEDTAVYY
CNRRDEYYAMDYWGQGTMVTVSS

gaaattgtgttgacacagtctcecagecacectgtetttgtetecaggggaaagag
ccaccetetectgeagggecagtgaatetgtggataacttegggatetecttetta
gectggtaccaacagaaacctggecaggeteccaggetecteatetatggage
ctccaacagggccactggeateccagecaggtteagtggeagtgggtetggga
cagacttcactctcaccatcagecagecragagectgaagattttgecagtttattac
tgtcagcaatctaaagaggtgecatggacctteggecaagggaccaaggtgga
aatcaaa

EIVLTQSPATLSLSLGERATLSCRASESVDNFGIS
FLAWYQQKPGQAPRLLIYGASNRATGIPARFSG
SGSGTDFTLTISSLEPEDFAVYYCQQSKEVPWTF
GQGTKVEIK

gaagtgaagcttgaggagtctggaggaggettggtgcaacctggaggatecat
gaaactctcctgtgttgectetggattcacttteagttactactggatgaactgggt
cegecagtetecagagaaggggettgagtgggttgetgaaattagattgaaatet
aataattatgcaacacattatgcggagtctgtgaaagggaggttcaccatctcaa
gagatgattccaaaaataatgtctacctgcaaatgaacaacttaagagctgaaga
cactggcatttattactgtaacaggcegtgatgagtattacgetatggattattggg
gtcaagggacgtcggtatctgtgtctagtgetagecaccaagggeccateggtett
ccecectggeacectectecaagageacctctgggggeacageggeectggget
gectggtcaaggactacttecccgaacceggtgacggtgtegtggaactecagge
gecctgaccageggegtgcacacctteceggetgtectacagtectecaggacte
tactcectcagcagegtggtgacegtgecctecageagettgggeacecagac
ctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaag
ttgagcccaaatcttgtgacaaaactcacacatgeccacegtgeccageaccetyg
aactcctggggggaccegtecagtettectettecceccaaaacccaaggacacee
tcatgatcteceggaccectgaggtcacatgegtggtggtggacgtgagecaca
gagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgeataatg
ccaagacaaagccgcegggaggagcagtacaacagcacgtacegtgtggtcag
cgtectcacegtectgecaccaggactggetgaatggcaaggagtacaagtgea
aggtctccaacaaagcccteccageccecategagaaaaccatetecaaagece
aaagggcagccccgagaaccacaggtgtacacectgececcatecegggagg
agatgaccaagaaccaggtcagectgacctgectggtcaaaggettetatecca
gegacatcegecgtggagtgggagagcaatgggcagecggagaacaactacaa
gaccacgcctecegtgetggactecgacggetecttettectectacagecaaget
caccgtggacaagagcaggtggcagcaggggaacgtettetecatgeteegtga
tgcatgaggctetgcacaaccactacacgcagaagagectetecctgteteegg
gtaaa

EVKLEESGGGLVQPGGSMKLSCVASGFTFSYY
WMNWVRQSPEKGLEWVAEIRLKSNNYATHY
AESVKGRFTISRDDSKNNVYLOMNNLRAEDTGI
YYCNRRDEYYAMDYWGQGTSVSVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHRDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

gaagtgaagcttgaggagtctggaggaggettggtgcaacctggaggatecat
gaaactctcctgtgttgectetggattcacttteagttactactggatgaactgggt
cegecagtetecagagaaggggettgagtgggttgetgaaattagattgaaatet
aataattatgcaacacattatgcggagtctgtgaaagggaggttcaccatctcaa
gagatgattccaaaaataatgtctacctgcaaatgaacaacttaagagctgaaga
cactggcatttattactgtaacaggcegtgatgagtattacgetatggattattggg
gtcaagggacgtcggtatctgtgtctagtgetagecaccaagggeccateggtett
ccecectggegeactgetecaggageacctecgagagecacageggecctggge
tgcctggtcaaggactactteccegaaceggtgacggtgtegtggaactcagge
getetgaccageggegtgcacacctteccagetgtectacagtectecaggacte
tactcectcagcagegtggtgacegtgecctecageaactteggecacecagac
ctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagacag
ttgagcgcaaatgttgtgtegagtgeccacegtgeccagecaccacctgtggeag
gaccgtcagtcettectettecccccaaaacccaaggacacecteatgatetece
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TABLE 2 -continued

AT-10 antibody sequences

SEQ ID
NO.

Description

Sequence

18

19

20

AT-10 HC IgG2 N297A
AR

(including constant
region)

hAT-10 HC IgGl E269R
DNA

(including constant
region)

hAT-10 HC IgGl E269R
AR

(including constant
region)

ggacccctgaggtcacgtgegtggtggtggacgtgagecacgaagaceecga
ggtccagttcaactggtacgtggacggegtggaggtgcataatgecaagacaa
agccacgggaggagcagttegecagecacgtteegtgtggtcagegtectecace
gttgtgcaccaggactggctgaacggcaaggagtacaagtgcaaggtctecaa
caaaggccteccageccccategagaaaaccatctecaaaaccaaagggeag
cceccgagaaccacaggtgtacacectgeccccatecegggaggagatgacca
agaaccaggtcagectgacctgectggtcaaaggettetaceecagegacate
geegtggagtgggagagcaatgggcagecggagaacaactacaagaccacge
ctceccatgetggactecgacggetecttettectetacagecaagetcacegtgga
caagagcaggtggcagcaggggaacgtcttetecatgeteegtgatgeatgagg
ctctgcacaaccactacacgcagaagagectetecctgteteegggtaaa

EVKLEESGGGLVQPGGSMKLSCVASGFTFSYY
WMNWVRQSPEKGLEWVAEIRLKSNNYATHY
AESVKGRFTISRDDSKNNVYLOMNNLRAEDTGI
YYCNRRDEYYAMDYWGQGTSVSVSSASTKGPS
VFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF
GTQTYTCNVDHKPSNTKVDKTVERKCCVECPP
CPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVQFNWYVDGVEVHNAKTKPREE
QFASTFRVVSVLTVVHQDWLNGKEYKCKVSNK
GLPAPIEKTISKTKGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

gaggtgcagcetggtggagtctgggggaggettggtecagectggagggtecct
gagactctcctgtgcagectetggattcaccttetecatactattggatggactggy
tcegecaggetaecagggaaggggetggagtgggttggeegtatcagactgaaa
tctaacaactatgccaccgaatacgecgegtetgtgaaaggecagattcaccatet
caagagatgattcaaagaactcactgtatctgcaaatgaacagectgaaaaceg
aggacacggccgtgtattactgtaacagaagagatgagtattacgecatggatta
ttggggccaagggacaatggtcacegtetettecagetagecaccaagggeccate
ggtetteccectggcacectectecaagageacctetgggggcacageggece
tgggctgectggtcaaggactacttececgaaceggtgacggtgtegtggaact
caggcgecectgaccageggegtgeacacctteceggetgtectacagtectea
ggactctactcectcagecagegtggtgacegtgecctecageagettgggeac
ccagacctacatctgcaacgtgaatcacaageccagcaacaccaaggtggaca
agaaagttgagcccaaatcttgtgacaaaactcacacatgeccaccgtgeccag
cacctgaactectggggggacegtecagtettectettecceccaaaacccaagg
acacccteatgateteceggaccectgaggtcacatgegtggtggtggacgtga
gccacagagaccctgaggtcaagttcaactggtacgtggacggegtggaggty
cataatgccaagacaaagccgegggaggagcagtacaacagecacgtacegtgt
ggtcagegtectcacegtectgecaccaggactggetgaatggcaaggagtaca
agtgcaaggtctccaacaaageccteccageccecategagaaaaccatetee
aaagccaaagggcagccccgagaaccacaggtgtacacectgeccccateee
gggaggagatgaccaagaaccaggtcagectgacctgectggtcaaaggette
tatcccagegacatcegeegtggagtgggagagcaatgggeagecggagaaca
actacaagaccacgcctecegtgetggactecgacggetecttettectetaca
gcaagctcaccgtggacaagagcaggtggcagcaggggaacgtetteteatge
tcegtgatgecatgaggetetgeacaaccactacacgcagaagagecteteectyg
tctecgggtaaa

EVQLVESGGGLVQPGGSLRLSCAASGFTFSYYW
MDWVRQAPGKGLEWVGRIRLKSNNYATEYAA
SVKGRFTISRDDSKNSLYLOMNSLKTEDTAVYY
CNRRDEYYAMDYWGQGTMVTVSSASTKGPSV
FPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKKVEPKSCDKTHTC
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHRDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK
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TABLE 2 -continued

AT-10 antibody sequences

SEQ ID
NO. Description Sequence
21 AT-10 LC kappa DNA gacattgtgctgacccaatctccaggttetttggetgtgtctetagggcagaggg

22

23

24

(including constant
region)

AT-10 LC/ kappa A A
(including constant
region)

hAT-10 LC kappa DNA
(including constant
region)

hAT-10 LC kappa AA
(including constant
region)

ccaccatctectgeagagecagegaaagtgttgataattttggecattagttttatg
aactggttccaacagaaaccaggacagccaccecgactecteatetatggtgea
tccaaccaaggatceceggggtecctgecaggtttagtggecagtgggtetgggaca
gacttcagcctcaacatccatectgtggaggaggatgatgetgeaatgtatttet
gtcagcaaagtaaggaggttcegtggacgtteggtggaggcaccaagetggaa
atcaaacgtacggtggctgeaccatctgtetteatettecegecatetgatgage
agttgaaatctggaactgectetgttgtgtgectgetgaataacttetateccaga
gaggccaaagtacagtggaaggtggataacgcecctecaategggtaactecca
ggagagtgtcacagagcaggacagcaaggacagcacctacagectcageage
accctgacgetgagcaaagcagactacgagaaacacaaagtetacgectgega
agtcacccatcagggectgagetegecegtecacaaagagettcaacaggggag
agtgt

DIVLTQSPGSLAVSLGQRATISCRASESVDNFGIS
FMNWFQQKPGQPPRLLIYGASNQGSGVPARFS
GSGSGTDFSLNIHPVEEDDAAMYFCQQSKEVP
WTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVOWKVDNALQSGNSQE
SVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

gaaattgtgttgacacagtctcecagecacectgtetttgtetecaggggaaagag
ccaccetetectgeagggecagtgaatetgtggataacttegggatetecttetta
gectggtaccaacagaaacctggecaggeteccaggetecteatetatggage
ctccaacagggccactggeateccagecaggtteagtggeagtgggtetggga
cagacttcactctcaccatcagecagectagagectgaagattttgeagtttattac
tgtcagcaatctaaagaggtgecatggacctteggecaagggaccaaggtgga
aatcaaacgtacggtggctgecaccatetgtetteatettecegecatetgatgag
cagttgaaatctggaactgectetgttgtgtgectgetgaataacttcetateccag
agaggccaaagtacagtggaaggtggataacgeectecaategggtaactece
aggagagtgt cacagagcaggacagcaaggacagcacctacagectcageag
caccctgacgctgagcaaagcagactacgagaaacacaaagtcetacgectgeg
aagtcacccatcagggectgagetegeccgtecacaaagagettcaacagggga

gagtgt

EIVLTQSPATLSLSPGERATLSCRASESVDNFGIS
FLAWYQQKPGQAPRLLIYGASNRATGIPARFSG
SGSGTDFTLTISSLEPEDFAVYYCQQSKEVPWTF
GQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVOWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HOGLSSPVTKSFNRGEC

TABLE 3

IV.3 antibody sequencesg

SEQ ID

NO.

Description

Sequence

31

32

33

IV.3 VH DNA

IvVv.3 VH AA

Iv.3 VL DNA

cagatccagttggtgcagtetggacctgagetgaagaagectggagagacagt
caagatctcctgcaaggettetgggtataccttecacaaactatggaatgaactgg
gtgaagcaggctccaggaaagggtttaaagtggatgggetggttaaacacctac
actggagagtcaatatatcctgatgacttcaagggacggtttgecttetettegga
aacctcetgecagcactgectatttgeagatcaacaacctcaaaaatgaggacat
ggctacatatttcetgtgcaagaggggactatggttacgacgaccectttggactac
tggggtcaaggaacctcagtcacegtetectea

QIQLVQSGPELKKPGETVKISCKASGYTFTNYG
MNWVKQAPGKGLKWMGWLNTYTGESIYPD
DFRKGRFAFSSETSASTAYLQINNLKNEDMATYF
CARGDYGYDDPLDYWGQGTSVTVSS

gacattgtgatgacccaggcetgcacectetgtacctgtcactectggagagteag
tatccatctectgcaggtctagtaagagtetectgeatactaatggcaacacttac
ttgcattggttectacagaggecaggecagtetectecagetectgatatategga
tgtccgtecttgectecaggagteccagacaggttcagtggecagtgggtecaggaa
ctgctttecacactgagcatcagtagagtggaggetgaggatgtgggtgttttttac
tgtatgcaacatctagaatatccgetecacgtteggtgetgggaccaagetggaac
tgaaa
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TABLE 3 -continued
IV.3 antibody sequences
SEQ ID
NO. Description Sequence
34 Iv.3 VL AA DIVMTQAAPSVPVTPGESVSISCRSSKSLLHTNG
NTYLHWFLQRPGQSPQLLIYRMSVLASGVPDR
FSGSGSGTAFTLSISRVEAEDVGVFYCMQHLEY
PLTFGAGTKLELK
35 hIv.3.le VH DNA caggtgcagctggtgcaatctgggtctgagttgaagaagectggggectcagtyg
Variable heavy CDR graft aaggtttcctgcaaggcttctggatacaccttcactaactatggtatgaattgggt
based on HV7-4-1*2 gcgacaggcccctggacaagggcttgagtggatgggatggctcaacacctaca
HJ6*01 acceptor ctggggagtcaacgtatgcccagggcttcacaggacggtttgtettctecttgga
framework cacctetgtcagcacggcatatetgcagatcagcagectaaaggetgaggaca
ctgcegtgtattactgtgcgagaggggactatggttacgacgacectttggacta
ctgggggcaagggaccacggtcaccgtctectca
36 hiv.3.le VH AA QVQLVQSGSELKKPGASVKVSCKASGYTFTNY
Variable heavy CDR graft GMNWVRQAPGQGLEWMGWLNTYTGESTYA
based on HV7-4-1*2 QGFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYY
HJ6*01 acceptor CARGDYGYDDPLDYWGQGTTVTVSS
framework
37 hIv.3.2d VH DNA caggtgcagctggtgcagtctggecatgaggtgaagcagectggggectcagt
Variable heavy CDR graft gaaggtctcctgcaaggettetgggtataccttcacaaactatggaatgaactgg
based on HV7-81*01 gtgaaacaggcccectggacaagggcttaagtggatgggctggttaaacaccta
HJ6*01 acceptor cactggagagtcaatatatcctgatgacttcaagggacggtttgecttetecagt
framework gacacctctgccagecacagecatacctgcagatcaacaacctaaaggectgagga
catggccatgtatttetgtgecgagaggggactatggttacgacgacectttggac
tactgggggcaagggaccacggtcaccgtctectea
38 hiv.3.2d VH AA QVQLVQSGHEVKQPGASVKVSCKASGYTFTNY
Variable heavy CDR graft GMNWVKQAPGQGLKWMGWLNTYTGESIYP
based on HV7-81*01 DDFKGRFAFSSDTSASTAYLQINNLKAEDMAMY
HJ6*01 acceptor FCARGDYGYDDPLDYWGQGTTVTVSS
framework
39 hIv.3.1lc VL DNA gatattgtgatgacccagactccactctecectgeccgtcacecectggagagecyg
Variable light CDR graft gccteccatctectgcaggtctagtaagtcectectgetgeataccaacgggaacacct
based on KvV2-40*01 atttggactggtacctgcagaagccagggcagtctecacagetectgatctatag
KJ4*02 acceptor gatgtcctatcgggectetggagteccagacaggttcagtggcagtgggtcecagg
framework cactgatttcacactgaaaatcagcagggtggaggctgaggatgttggagtttat
tactgcatgcagcatctggagtatccactgacctteggeggagggaccaaggty
gagatcaaa
85 hiv.3.1c VL AA DIVMTQTPLSLPVTPGEPASISCRSSKSLLHTNG
Variable light CDR graft NTYLDWYLQKPGQSPQLLIYRMSYRASGVPDR
based on KvV2-40*01 FSGSGSGTDFTLKISRVEAEDVGVYYCMQHLE
KJ4*02 acceptor YPLTFGGGTKVEIK
framework
40 hIv.3.2b VL DNA gatattgtgatgacccagactccactctecectgeccgtcacecectggagagecyg
Variable light CDR graft gcctceccatctectgcaggtctagtaagagtctectgecatactaatggecaacactt
based on KvV2-40*01 acttgcattggtacctgcagaagccagggcagtctecacagetectgatatateg
KJ4*02 acceptor gatgtccgtecttgectecaggagteccagacaggttcagtggcagtgggtecagg
framework cactgatttcacactgaaaatcagcagggtggaggctgaggatgttggagtttat
tactgcatgcaacatctagaatatccgetcacgtteggeggagggaccaaggty
gagatcaaa
41 hiv.3.2b VL AA DIVMTQTPLSLPVTPGEPASISCRSSKSLLHTNG
Variable light CDR graft NTYLHWYLQKPGQSPQLLIYRMSVLASGVPDR
based on KvV2-40*01 FSGSGSGTDFTLKISRVEAEDVGVYYCMQHLE
KJ4*02 acceptor YPLTFGGGTKVEIK
framework
42 IV.3 HC IgGl E269R cagatccagttggtgcagtctggacctgagctgaagaagectggagagacagt

DNA
(including constant
region)

caagatctcctgcaaggettetgggtataccttecacaaactatggaatgaactgg
gtgaagcaggctccaggaaagggtttaaagtggatgggetggttaaacacctac
actggagagtcaatatatcctgatgacttcaagggacggtttgecttetettegga
aacctcetgecagcactgectatttgeagatcaacaacctcaaaaatgaggacat
ggctacatatttctgtgcaagaggggactatggttacgegacectttggactac
tggggtcaaggaacctcagtcacegtetectcagetagecaccaagggeceate
ggtcetteccectggcacectectecaagageacctetgggggcacageggeoe
tgggctgectggtcaaggactacttececgaaceggtgacggtgtegtggaact
caggcgecctgaccageggegtgeacacctteceggetgtectacagtectea
ggactctactcectcageagegtggtgacegtgecctecageagettgggeac
ccagacctacatctgcaacgtgaatcacaageccagcaacaccaaggtggaca
agaaagttgagcccaaatcttgtgacaaaactcacacatgeccacegtgeccag
cacctgaactectggggggacegtecagtettectettecceccaaaacccaagg
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TABLE 3 -continued

IV.3 antibody sequences

SEQ ID
NO.

Description

Sequence

43

44

45

46

IV.3 HCIgGl E269RAA
(including constant
region)

IV.3 HGIgG2 N297A DNA
(including constant
region)

IV.3 HC IgG2 N297A AA
(including constant
region)

hIv.3.le HC IgGl E269R
DNA

(including constant
region)

acacccteatgateteceggaccectgaggtcacatgegtggtggtggacgtga
gccacagagaccctgaggtcaagttcaactggtacgtggacggegtggaggty
cataatgccaagacaaagccgegggaggagcagtacaacagecacgtacegtgt
ggtcagegtectcacegtectgecaccaggactggetgaatggcaaggagtaca
agtgcaaggtctccaacaaageccteccagecceccategagaaaaccatetee
aaagccaaagggcagccccgagaaccacaggtgtacacectgececcateee
gggaggagatgaccaagaaccaggtcagectgacctgectggtcaaaggette
tatcccagegacatcgecegtggagtgggagagecaatgggecagecggagaaca
actacaagaccacgcctecegtgetggactecgacggetecttettectetaca
gcaagctcaccgtggacaagagcaggtggcagcaggggaacgtetteteatge
tcegtgatgeatgaggetetgeacaaccactacacgcagaagagecteteectyg
tctecgggtaaa

QIQLVQSGPELKKPGETVKISCKASGYTFTNYG
MNWVKQAPGKGLKWMGWLNTYTGESIYPD
DFRKGRFAFSSETSASTAYLQINNLKNEDMATYF
CARGDYGYDDPLDYWGQGTSVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHRDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

cagatccagttggtgcagtetggacctgagetgaagaagectggagagacagt
caagatctcctgcaaggettetgggtataccttecacaaactatggaatgaactgg
gtgaagcaggctccaggaaagggtttaaagtggatgggetggttaaacacctac
actggagagtcaatatatcctgatgacttcaagggacggtttgecttetettegga
aacctcetgecagcactgectatttgeagatcaacaacctcaaaatgaggacat
ggctacatatttcetgtgcaagaggggactatggttacgacgaccectttggactac
tggggtcaaggaacctcagtcacegtetectcagetagecaccaagggeceate
ggtetteccetggegecctgetecaggageacctcegagagcacageggeed
tgggctgectggtcaaggactacttececgaaceggtgacggtgtegtggaact
caggcgctcetgaccageggegtgeacacctteccagetgtectacagtectcag
gactctactccctecagcagegtggtgacegtgecctecagcaactteggeacee
agacctacacctgcaacgtagatcacaageccagcaacaccaaggtggacaag
acagttgagcgcaaatgttgtgtegagtgeccacegtgeccagecaccacetgtyg
gcaggaccgtcagtcettectettecccccaaaacccaaggacacecteatgate
tcceggaccectgaggtcacgtgegtggtggtggacgtgagecacgaagacee
cgaggtccagttcaactggtacgtggacggegtggaggtgeataatgecaaga
caaagccacgggaggagcagttegecagecacgtteegtgtggteagegtecte
accgttgtgcaccaggactggetgaacggcaaggagtacaagtgecaaggtete
caacaaaggccteccageccccategagaaaaccatctecaaaaccaaaggg
cagccccgagaaccacaggtgtacacectgeccccateccgggaggagatga
ccaagaaccaggtcagectgacctgectggtcaaaggettetaceccagegac
atcgcegtggagtgggagagecaatgggeagecggagaacaactacaagacca
cgecteccatgetggacteegacggetecttettectetacagecaagetcacegt
ggacaagagcaggtggcagcaggggaacgtetteteatgeteegtgatgeatyg
aggctcetgcacaaccactacacgcagaagagecteteectgtetecgggtaaa

QIQLVQSGPELKKPGETVKISCKASGYTFTNYG
MNWVKQAPGKGLKWMGWLNTYTGESIYPD
DFRKGRFAFSSETSASTAYLQINNLKNEDMATYF
CARGDYGYDDPLDYWGQGTSVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF
GTQTYTCNVNHKPSNTKVDKKVERKSCCVECPP
CPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSHEDPEVQFNWYVDGVEVHNAKTKPREE
QFASTYRVVSVLTVVHQDWLNGKEYKCKVSNK
GLPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

caggtgcagetggtgcaatetgggtetgagttgaagaagectggggectcagtyg
aaggtttectgcaaggcttetggatacaccttecactaactatggtatgaattgggt
gegacaggcccctggacaagggcettgagtggatgggatggetcaacacctaca
ctggggagtcaacgtatggeccagggetteacaggacggtttgtettetecttgga
cacctetgteagecacggcatatetgeagatcageagectaaaggetgaggaca
ctgcegtgtattactgtgegagaggggactatggttacgacgacectttggacta
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TABLE 3 -continued

IV.3 antibody sequences

SEQ ID
NO.

Description

Sequence

47

48

49

hIv.3.le HC IgGl E269R
AR

(including constant
region)

hIv.3.2d HC IgGl E269R
DNA

(including constant
region)

hIv.3.1d HC IgGl E269R
AR

(including constant
region)

ctgggggcaagggaccacggtcacegtetectecagetageaccaagggececat
cggtetteccectggeacectectecaagageacctetgggggeacageggec
ctgggetgectggtcaaggactactteccegaaceggtgacggtgtegtggaac
tcaggcgecctgaccageggegtgecacacctteceggetgtectacagtectea
ggactctactcectcageagegtggtgacegtgecctecageagettgggeac
ccagacctacatctgcaacgtgaatcacaageccagcaacaccaaggtggaca
agaaagttgagcccaaatcttgtgacaaaactcacacatgeccacegtgeccag
cacctgaactectggggggacegtecagtettectettecceccaaaacccaagg
acacccteatgateteceggaccectgaggtcacatgegtggtggtggacgtga
gccacagagaccctgaggtcaagttcaactggtacgtggacggegtggaggty
gccacagagaccctgaggtcaagttcaactggtacgtggacggegtggaggty
cataatgccaagacaaagccgegggaggagcagtacaacagecacgtacegtgt
ggtcagegtectcacegtectgecaccaggactggetgaatggcaaggagtaca
agtgcaaggtctccaacaaageccteccagecceccategagaaaaccatetee
aaagccaaagggcagccccgagaaccacaggtgtacacectgececcateee
gggaggagatgaccaagaaccaggtcagectgacctgectggtcaaaggette
tatcccagegacatcgecegtggagtgggagagecaatgggecagecggagaaca
actacaagaccacgcctecegtgetggactecgacggetecttettectetaca
gcaagctcaccgtggacaagagcaggtggcagcaggggaacgtetteteatge
tcegtgatgeatgaggetetgeacaaccactacacgcagaagagecteteectyg
tctecgggtaaa

QVQLVQSGHEVKQPGETVKISCKASGYTFTNY
GMNWVKQAPGKGLKWMGWLNTYTGESTYA
DFKGRFAFSSDTSASTAYLQINNLKNEDMAMYF
CARGDYGYDDPLDYWGQGTTVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHRDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

caggtgcagctggtgcagtetggecatgaggtgaagecagectggggectecagt
gaaggtctcectgcaaggettetgggtataccttcacaaactatggaatgaactygg
gtgaaacaggcccctggacaagggcttaagtggatgggetggttaaacaccta
cactggagagtcaatatatcctgatgacttcaagggacggtttgecttetecagt
gacacctctgccagcacagcatacctgcagatcaacaacctaaaggetgagga
catggccatgtatttetgtgegagaggggactatggttacgacgaceetttggac
tactgggggcaagggaccacggtcacegtetectecagetageaccaagggecce
atcggtctteccectggeacectectecaagageacctetgggggeacagegg
ceectgggetgectggtcaaggactactteccegaaceggtgacggtgtegtgga
actcaggegecctgaccageggegtgeacacctteceggetgtectacagtect
caggactctactcectcageagegtggtgacegtgecctecageagettggge
acccagacctacatctgcaacgtgaatcacaageccagcaacaccaaggtgga
caagaaagttgagcccaaatcttgtgacaaaactcacacatgeccacegtgece
agcacctgaactectggggggacegtecagtettectettecceccaaaacccaa
ggacaccctecatgateteceggaccectgaggtcacatgegtggtggtggacgt
gagccacagagaccctgaggtcaagttcaactggtacgtggacggegtggagy
tgcataatgccaagacaaagccgegggaggagcagtacaacagecacgtacegt
gtggtcagegtectcacegtectgecaccaggactggetgaatggcaaggagta
caagtgcaaggtctccaacaaageccteccageccecategagaaaaccatet
ccaaagccaaagggcagecccgagaaccacaggtgtacacectgececcate
ccgggaggagatgaccaagaaccagtecagectgacctgectggtcaaagget
tctatcccagegacategecegtggagtgggagagcaatgggeagecggagaa
caactacaagaccacgcctecegtgetggactecgacggetecttettectetac
agcaagctcaccegtggacaagagcaggtggcagecaggggaacgtetteteatg
ctcegtgatgecatgaggetetgecacaaccactacacgcagaagagecteteect
gtctecegggtaaa

QVQLVQSGHEVKQPGETVKISCKASGYTFTNY
GMNWVKQAPGKGLKWMGWLNTYTGESIYPD
DFKGRFAFSSDTSASTAYLQINNLKNEDMAMYF
CARGDYGYDDPLDYWGQGTTVTVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHRDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
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TABLE 3 -continued

IV.3 antibody sequences

SEQ ID
NO.

Description

Sequence

50

51

86

87

52

53

IvV.3 LC kappa DNA
(including constant
region)

IV.3 LC kappa AA
(including constant
region)

hiv.31lc LC kappa DNA
(including constant
region)

hiv.31lc LC kappa AA
(including constant
region)

hiv.3.2b LC kappa DNA
(including constant
region)

hiv.3.2b LC kappa AA
(including constant
region)

MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

gacattgtgatgacccaggcetgcacectetgtacctgtcactectggagagteag
tatccatctectgcaggtctagtaagagtetectgeatactaatggcaacacttac
ttgcattggttectacagaggecaggecagtetectecagetectgatatategga
tgtccgtecttgectecaggagteccagacaggttcagtggecagtgggtecaggaa
ctgctttecacactgagcatcagtagagtggaggetgaggatgtgggtgttttttac
tgtatgcaacatctagaatatccgetecacgtteggtgetgggaccaagetggaac
tgaaacgtacggtggctgcaccatetgtetteatettecegecatetgatgagea
gttgaaatctggaactgectetgttgtgtgectgetgaataacttetateccagag
aggccaaagtacagtggaaggtggataacgeectecaategggtaacteccag
gagagtgtcacagagcaggacagcaaggacagcacctacagectcagecagea
cectgacgectgagcaaagcagactacgagaaacacaaagtctacgectgegaa
gtcacccatcagggectgagetegecegtcacaaagagettcaacaggggaga

gtgt

DIVLTQSPGSLAVSLGEPASISCRRKSLLHTING
NTYLHWLQKPGQSPRLLIYRMSVLASVPDR
FSGSGTDFTLKISRVEAEDVGVYYCMQHLE
YPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

gatattgtgatgacccagactccactctecctgecegtecaceectggagageey
gectcecatctectgecaggtetagtaagtetetgetgecataccaacgggaacacct
atttggactggtacctgcagaagcecagggcagtetecacagetectgatetatag
gatgtcectatcegggectetggagteccagacaggttcagtggecagtgggteagy
cactgatttcacactgaaaatcagcagggtggaggetgaggatgttggagtttat
tactgcatgcagcatctggagtatecactgacctteggeggagggaccaaggtyg
gagatcaaacgtacggtggctgcaccatetgtetteatettecegecatetgatyg
agcagttgaaatctggaactgectetgttgtgtgectgetgaataacttetatece
agagaggccaaagtacagtggaaggtggataacgeectecaategggtaacte
ccaggagagtgt cacagagcaggacagcaaggacagcacctacagecteage
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgectyg
cgaagtcacccatcagggectgagetegecegtcacaaagagettecaacaggg
gagagtgt

DIVLTQSPGSLAVSLGEPASISCRRKSLLHTING
NTYLHWLOQKPGQSPRLLIYRMSVLASVPDR
FSGSGTDFTLKISRVEAEDVGVYYCMQHLE
YPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

gatattgtgatgacccagactccactctecctgecegtecaceectggagageey
gectcecatctectgecaggtetagtaagtetetgetgecataccaacgggaacacct
atttggactggtacctgcagaagcecagggcagtetecacagetectgatetatag
gatgtcectatcegggectetggagteccagacaggttcagtggecagtgggteagy
cactgatttcacactgaaaatcagcagggtggaggetgaggatgttggagtttat
tactgcatgcagcatctggagtatecactgacctteggeggagggaccaaggtyg
gagatcaaacgtacggtggctgcaccatetgtetteatettecegecatetgatyg
agcagttgaaatctggaactgectetgttgtgtgectgetgaataacttetatece
agagaggccaaagtacagtggaaggtggataacgeectecaategggtaacte
ccaggagagtgt cacagagcaggacagcaaggacagcacctacagecteage
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgectyg
cgaagtcacccatcagggectgagetegecegtcacaaagagettecaacaggg

gagagtgt

DIVLTQSPGSLAVSLGEPASISCRRKSLLHTING
NTYLHWLQKPGQSPRLLIYRMSVLASVPDR
FSGSGTDFTLKISRVEAEDVGVYYCMQHLE
YPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC
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TABLE 4

MDE-8 antibody segquences

SEQ ID
NO.

Description

Sequence

60

61

62

63

64

65

66

MDE-8 VH DNA

MDE-8 VH AA

MDE-8 VL DNA

MDE-8 VL AA

MDE-8 HC IgGl E269R DNA
(including constant region)

MDE-8 HC IgGl E269R AA
(including constant region)

MDE-8 HC IgG2 N297A DNA
(including constant region)

caggcacctggtggagtetgggggaggegtggt ccagectgggaggtecet
gagactctcetgtgcagegtetggat -
tcaccttcagtagetatggcatgecactgggtecgecagge
tccaggcaaggggctggagtgggtggeagttatatggtatgat
ggaagtaattactactatacagnctccgtgaagggecgattcaccatcetecagag
acaartccaagaacacgctgtatctgcaaatgaacagectgagagecgaggac
acggctgtgtattactgtgegagagatcetgggggecagecagettetgactactgg
ggccagggaaccctggtcacegtetectea

QVHLVESGGGVVPGRSLRLSCAASGFTFSSYG
MHWVRQAPGKGLEWVAVIWYDGSNYYYTDS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARDLGAAASDYWGQGTLVTVSS

gecatccagttgacccagtetecatectecctgtetgecatagtaggagacagag
tcaccatcacttgcecgggcaagtcagggcattaacagtgetttagectggtatcea
gcagaaaccagggaaagctcectaagetectgatetargatgectecagtttgga
aagtggggtcccatcaaggtteageggeagtggatetgggacagatttecactet
caccatcagcagectgcagectgaagattttgecaacttattactgtcaacagttta
ataggttaccctcatacttttggecaggggnecaagetggagatcaaa

ATIQLTQSPSSLSASVGDRTVTITCRASQGINSALA
WYQQKPGKAPKLLIYDASSLESGVPSRRSGSGS
GTDFTLTISSLQPEDFATYYCQQFNSYPHTFGQ
GTKLEIK

caggtgcacctggtggagtetgggggaggegtggt ccagectgggaggteect
gagactctcetgtgcagegtetggattcaccttecagtagetatggeatgecactygyg
gtcegecaggetcecaggcaaggggctggagtgggtggeagttatatggtatgat
ggaagtaattactactatacagactccgtgaagggecgattcaccatcetecagag
acaattccaagaacacgctgtatctgcaaatgaacagectgagagecgaggac
acggctgtgtattactgtgegagagatcetgggggecagecagettetgactactgg
ggccagggaaccectggtecaccegtetectcagetageaccaagggeccateggt
cttececectggeacectecteccaagageacctetgggggeacageggeectygg
getgectggtcaaggactactteccegaaccggtgacggtgtegtggaacteag
gegecctgaccageggegtgcacacctteceggetgtectacagtectcagga
ctctacteccteagecagegtggtgacegtgecctecageagettgggeacecag
acctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaa
agttgagcccaaatcttgtgacaaaactcacacatgeccacegtgeccageace
tgaactcctgggggaccegtceagtettectettecceccaaaacccaccggacac
ccteatgatceteceggaccectgaggtcacatgegtggtggtggacgtgageca
cagagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgeata
atgccaagacaaagccgegggaggagcagtacaacagcacgtacegtgtggt
cagcgtectcacegtectgeaccaggactggetgaatggecaaggagtacaagt
gcaaggtctcecaacaaagecctceccageccccategagaaaaccatetecaaa
gccaaagggcagecccegagaaccacaggtgtacacectgeccccatecegygy
aggagatgaccaagaaccaggtcagectgacctgectggtcaaaggettetate
ccagcgacatcegeegtggagtgggagagecaatgggeagecggagaacaacta
caagaccacgcctecegtgetggactecgacggetecttettectetacageaa
getcaccegtggacaagagcaggtggcagcaggggaacgtettetecatgeteeg
tgatgcatgaggctctgcacaaccactacacgcagaagagecteteectgtete
cgggtaaa

QVHLVESGGGVVPGRSLRLSCAASGFTFSSYG
MHWVRQAPGKGLEWVAVIWYDGSNYYYTDS
VEGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARDLGAAASDYWGQGTLVTVSSASTKGPSVFPL
APSSLSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHRDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEALHNHYTQKSLSLSPGK

caggtgcacctggtggagtetgggggaggegtggt ccagectgggaggteect
gagactctcetgtgcagegtetggattcaccttecagtagetatggeatgecactygyg

gtcegecaggetcecaggcaaggggctggagtgggtggeagttatatggtatgat
ggaagtaattactactatacagactccgtgaagggecgattcaccatcetecagag
acaattccaagaacacgctgtatctgcaaatgaacagectgagagecgaggac
acggctgtgtattactgtgegagagatcetgggggecagecagettetgactactgg
ggccagggaaccectggtecaccegtetectcagetageaccaagggeccateggt
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TABLE 4 -continued

MDE-8 antibody segquences

SEQ ID

NO.

Description

Sequence

67

68

69

MDE-8 HC IgG2 N297A AA
(including constant region)

MDE-8 LC kappa DNA
(including constant region)

MDE-8 LC kappa AA
(including constant region)

cttececectggegectgetecaggageacctecgagageacageggecetygg
getgectggtcaaggactactteccegaaccggtgacggtgtegtggaacteag
gegetetgaccageggegtgcacacctteccagetgtectacagtectcaggac
tctactcectcageagegtggtgacegtgecctecagecaactteggecaccecaga
cctacacctgcaacgtagatcacaageccagcaacaccaaggtggacaagaca
gttgagcgcaaatgttgtgtcgagtgeccacegtgeccagecaccacctgtggea
ggaccgtcagtettectettecceccaaaacccaaggacacecteatgatetee
cggacccctgaggt cacgtgegtggtggtggacgtgagecacgaagaceceg
aggtccagttcaactggtacgtggacggegtggaggtgecataatgecaagaca
aagccacgggaggagcagttegecagecacgtteegtgtggteagegtecteac
cgttgtgcaccaggactggcetgaacggcaaggagtacaagtgecaaggteteca
acaaaggcctcccageccccatcgagaaaaccatetecaaaaccaaagggea
gececgagaaccacaggtgtacaccecetgeccccatecegggaggagatgace
aagaaccaggtcagcctgacctgectggtcaaaggettetaceccagegacate
geegtggagtgggagagcaatgggcagecggagaacaactacaagaccacge
ctceccatgetggactecgacggetecttettectetacageaagetecacegtgga
caagagcaggtggcagcaggggaacgtettetecatgeteegtgatgeatgagg
ctctgcacaaccactacacgcagaagagectetecctgteteegggtaaa

QVHLVESGGGVVPGRSLRLSCAASGFTFSSYG
MHWVRQAPGKGLEWVAVIWYDGSNYYYTDS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC
ARDLGAAASDYWGQGTLVTVSSASTKGPSVFPL
APSSLSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
YTCNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQFAS
TFRVVSVLTVLHQDWLNGKEYKCKVSNKGLPA
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
MLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

gecatccagttgacccagtetecatecteectgtetgeatetgtaggagacagag
tcaccatcacttgcecgggcaagtcagggcattaacagtgetttagectggtatcea
gcagaaaccagggaaagctcectaagetectgatetatgatgectecagtttgga
aagtggggtcccatcaaggtteageggeagtggatetgggacagatttecactet
caccatcagcagectgcagectgaagattttgecaacttattactgtcaacagttta
atagttaccctcatacttttggecaggggaccaagetggagatcaaacgtacggt
ggctgcaccatctgtettcatettecegecatetgatgagecagttgaaatetggaa
ctgecctetgttgtgtgectgetgaataacttetateccagagaggecaaagtaca
gtggaaggtggataacgccctecaategggtaacteccaggagagtgtcacag
agcaggacagcaaggacagcacctacagectcagecagecacectgacgetgag
caaagcagactacgagaaacacaaagtctacgectgegaagtcacccatcagg
gectgagetegecegtcacaaagagettcaacaggggagagtgt

ATIQLTQSPSSLSASVGDRTVTITCRASQGINSALA
WYQQKPGKAPKLLIYDASSLESGVPSRRSGSGS
GTDFTLTISSLQPEDFATYYCQQFNSYPHTFGQ
GTKLEIKRTVAAPSVFIFPPSDEQLKGTASVVC
LLNNFYPREAKVOWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

TABLE 5

TABLE 5 -continued

other sequences

other sequences

SEQ ID
NO.

Description Sequence

55
SEQ ID
NO.

Description Sequence

70

NP_001129691.1
CD32a-H131
[Homo sapiens]

MTMETQMSQNVCPRNLWLLQPLTVLLLL
ASADSQAAAPPKAVLKLEPPWINVLQED
SVTLTCQGARSPESDSIQWFHNGNLIPT
HTQPSYRFKANNNDSGEYTCQTGQTSLS
DPVHLTVLSEWLVLQTPHLEFQEGETIM
LRCHSWKDKPLVKVTFFQNGKSQKFSHL
DPTFSIPQANHSHSGDYHCTGNIGYTLF
SSKPVTITVQVPSMGSSSPMGIIVAVVI
ATAVAAIVAAVVALIYCRKKRISANSTD

60

65

71

NP_001129691.1:
p.Hisle7

Arg CD32a-R131
[Homo sapiens]

PVKAAQFEPPGROMIAIRKRQLEETNND
YETADGGYMTLNPRAPTDDDKNIYLTLP
PNDHVNSNN

MTMETQMSQNVCPRNLWLLQPLTVLLLL
ASADSQAAAPPKAVLKLEPPWINVLQED
SVTLTCQGARSPESDSIQWFHNGNLIPT
HTQPSYRFKANNNDSGEYTCQTGQTSLS
DPVHLTVLSEWLVLQTPHLEFQEGETIM
LRCHSWKDKPLVKVTFFQNGKSQKFSRL
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TABLE 5 -continued

other gequencesg

SEQ ID

NO. Description Sequence

DPTFSIPQANHSHSGDYHCTGNIGYTLF
SSKPVTITVQVPSMGSSSPMGIIVAVVI
ATAVAAIVAAVVALIYCRKKRISANSTD
PVKAAQFEPPGRQMIATRKRQLEETNND
YETADGGYMTLNPRAPTDDDKNIYLTLP
PNDHVNSNN
72 MGILSFLPVLATESDWADCKSPQPWGHM
LLWTAVLFLAPVAGTPAAPPKAVLKLEP
OWINVLQEDSVTLTCRGTHSPESDSIQW
FHNGNLIPTHTQPSYRFKANNNDSGEYT
COTGQTSLSDPVHLTVLSEWLVLQTPHL
EFQEGETIVLRCHSWKDKPLVKVTFFQN
GKSKKFSRSDPNFSIPQANHSHSGDYHC
TGNIGYTLYSSKPVTITVQAPSSSPMGI
IVAVVTGIAVAAIVAAVVALIYCRKKRI
SALPGYPECREMGETLPEKPANPTNPDE
ADKVGAENTITYSLLMHPDALEEPDDON
RI

NP_003992.3
CD32b isoform 1
[Homo sapiens]

DESCRIPTION OF THE EMBODIMENTS

In one embodiment, a method for treating a CD32a-medi-
ated disease or disorder in a human subject is encompassed,
wherein a therapeutically effective amount of one or more
effector-deficient anti-CD32a monoclonal antibodies as
described herein, is administered to a human subject, thereby
treating the CD32a-mediated disease or disorder.

In one embodiment, the anti-CD32a monoclonal antibody
is capable of 1) preventing activation of CD32a by IgG
immune complexes; and 2) has an Fc region that has been
altered so as to reduce or eliminate Fc-binding to CD16,
CD32, or CD64 type 1gG receptors.

In one embodiment, the anti-CD32a monoclonal antibody
is capable of 1) preventing activation of CD32a by IgG
immune complexes; and 2) has an Fc region that has been
altered so as to reduce or eliminate Fc-binding to CD16,
CD32, and CD64 type IgG receptors.

In one embodiment, the reduction in Fe-binding to CD16,
CD32, and/or CD64 is a complete reduction as compared to
an effector-competent antibody control. In other aspects, the
reduction in about 50%, about 60%, about 70%, about 80%,
about 90%, or about 95%, or more, as compared to an effec-
tor-competent antibody control.

Antibodies

Any effector-deficient anti-CD32a antibody may be used
in the method embodiments. The antibodies of the composi-
tion and method embodiments comprise at least a portion of
the Fc region.

In one embodiment, the effector-deficient antibody is an
AT-10, IV.3, or MDE-8 antibody comprising one or more of
the CDRs described for each antibody, respectively, as in
Tables 1-5, and is effector-deficient. In other embodiments,
the effector-deficient antibody is an AT-10, IV.3, or MDE-8
antibody comprising the variable heavy and light chains
described for each antibody, respectively, as in Tables 1-5,
and is effector-deficient. In other embodiments, the effector-
deficient antibody is an AT-10, IV.3, or MDE-8 antibody
comprising the full-length heavy and full-length light chains
described for each antibody, respectively, as in Tables 1-5,
and is effector-deficient.

In one embodiment, the effector-deficient antibody is an
AT-10, IV.3, or MDE-8 antibody comprising one or more of
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the CDRs of that antibody, wherein the CDRs are identical to
the CDR sequences described for each antibody, respectively,
in Tables 1-5, or wherein one, two, or three of the CDRs have
1 or 2 mutations as compared to the sequences described for
each antibody, as in Table 1, and is effector-deficient.

In other embodiments, the effector-deficient antibody is an
AT-10, 1V.3, or MDE-8 antibody comprising the variable
heavy and light chains described in Tables 1-5 for each anti-
body, respectively, wherein the variable heavy and light
chains are 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% identical to the variable heavy and variable light chains
described in Tables 1-5 for each antibody, respectively, and
wherein the antibody is effector-deficient.

In other embodiments, the effector-deficient antibody is an
AT-10, IV.3, or MDE-8 antibody comprising a full length
heavy and light chain described in Tables 1-5 for each anti-
body, respectively, or a variable heavy and light chain that is
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99° A
identical to a heavy and light chain described in Tables 1-5 for
each antibody, respectively, and is effector-deficient.

The antibody compositions of the invention, as well as the
antibodies used in the methods and uses described herein, are
capable of preventing activation of CD32a by IgG immune
complexes. Whether an antibody is capable of preventing
activation of CD32a by IgG immune complexes can be tested
by methods well known in the art, namely, by testing washed
platelets for aggregation or degranulation responses to IgG
immune complexes, as per the “IgG Immune Complex Test”
described below. See, e.g., Meyer T et al. Bevacizumab
immune complexes activate platelets and induce thrombosis
in FCGR2A transgenic mice (January 2009) J Thromb Hae-
most 7:171; PubMed ID: 18983497.

“IgG Immune Complex Test”: The following steps can
determine whether an antibody can prevent activation of
CD32aby IgG immune complexes. First, for example, human
platelets can be isolated from other blood cells by “washing”
methods (see, e.g., Meyer T et al. (January 2009) J Thromb
Haemost 7:171; PubMed ID: 18983497). Alternatively, plate-
lets from FCGR2A transgenic mice can be isolated using
similar methods (see, e.g., Robles-Carrillo L. et al. Anti-
CD40L immune complexes potently activate platelets in vitro
and cause thrombosis in FCGR2A transgenic mice (August
2010) J Immunol 185:1577; PubMed ID: 20585032). Second,
such washed platelets can then be used to test for CD32a-
mediated activation by IgG antibodies known to activate
human CD32a, for example anti-CD9 mAb (e.g., as in
PubMed ID: 18983497, op cit), or anti-CD40L mAb, M90
(e.g., as in PubMed ID: 20585032, op di). In order to activate
CD32a on washed platelets, some antibodies may need to be
clustered by antigen so as to form an immune complex (IC),
as is the case for M90, which is combined with CD40L prior
to exposure to washed platelets. CD32a-activating antibodies
can be identified using a platelet aggregometer, such as a
Chrono-Log model 490 series aggregometer. If the antibody
causes platelet aggregation after introduction into the aggre-
gometer cuvette, and such aggregation is prevented by an
anti-CD32a blocking antibody (e.g., such as 1V.3, AT-10, or
MDE-8; many others are commercially available and are
known to those skilled in the art), then the antibody specifi-
cally activates platelet CD32a and is therefore sufficient for
use as a required reagent in the “IgG Immune Complex Test”.
An alternative to the washed platelet aggregation test is the
serotonin release assay (or “SRA”), which measures platelet
degranulation (see, e.g., PubMed IDs 18983497 and
20585032 op cit). CD32a is the only IgG receptor on human
platelets; therefore, these tests are capable of specifically
identifying CD32a-activating antibodies. The third step in the
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“IgG Immune Complex Test” requires exposure of washed
platelets to candidate anti-CD?32a antibodies prior to intro-
duction of the CD32a-activating IgG antibody. For example,
washed human platelets suspended in assay buffer (typically,
250/nanoliter) are placed in an aggregometer cuvette. The
instrument settings are adjusted so as to establish an assay
signal range and baseline. Next, the candidate anti-CD32a
blocking antibody (e.g., IV.3, AT-10, or MDE-8) is introduced
into the cuvette (typically at or near 10 micrograms per mil-
liliter). Next, the platelet activating IgG antibody or IgG
immune complex (e.g., M90+CD40L, typically at 50-500 nM
final assay concentration) is added to the platelet suspension
in the cuvette. Finally, platelet aggregation is monitored for at
least one minute (or, typically, more than five minutes) to
assess whether the anti-CD32a mAb prevents 1gG antibody/
immune complex-induced platelet aggregation. If an anti-
CD32a antibody, using these steps, can prevent the activation
of CD32a by IgG antibodies or IgG immune complexes, as
evidenced by inhibition of aggregation (or degranulation if
the SRA is used), then the anti-CD32a antibody satisfies the
“IgG Immune Complex Test”. Similarly, if an anti-CD32a
antibody lacks the capacity to prevent platelet aggregation
and degranulation, said anti-CD32a antibody fails to satisfy
the “IgG Immune Complex Test”.

In the Examples included herein, FIGS. 19-33 demonstrate
by washed platelet aggregation (i.e., using the “IgG Immune
Complex Test”) that mouse IV.3, chimeric IV.3, and human-
ized IV.3, that chimeric AT-10 and humanized AT-10, and that
human MDE-8 IgG anti-CD32a mAbs all satisty the “IgG
Immune Complex Test”, regardless of whether such anti-
CD32a antibodies are of the IgG1 or 1gG2 isotype subclass,
and regardless of whether such anti-CD32a mAbs have native
or effector-deficient Fc regions. As an alternative to the use of
platelet aggregation as an “IgG Immune Complex Test”,
FIGS. 34 and 35 demonstrate similar results for IV.3, AT-10,
and MDE-8 antibody variants using the SRA instead of plate-
let aggregation; here also, all tested antibodies prevent IC-
induced platelet activation and therefore satisfy the “IgG
Immune Complex Test”.

a. Effector-Deficiency

The antibody compositions of the invention, as well as the
antibodies used in the methods and uses described herein, are
“effector-deficient.” As used herein, an “effector-deficient”
antibody is defined as an antibody having an Fc region that
has been altered so as to reduce or eliminate Fc-binding to
CD16, CD32, and/or CD64 type IgG receptors.

In one embodiment, the reduction in Fe-binding to CD16,
CD32, and/or CD64 is a complete reduction as compared to
an effector-competent control. In other aspects, the reduction
in about 50%, about 60%, about 70%, about 80%, about 90%,
or about 95%, or more, as compared to an effector-competent
antibody control. Methods for determining whether an anti-
body has areduced Fe-binding to CD16, CD32, and/or CD64
are well known in the art. See, e.g., US20110212087 A1, WO
2013165690, and Vafa O. et al. An engineered Fc variant of an
IgG eliminates all immune effector functions via structural
perturbations (January 2014) Methods 65:114; PubMed ID:
23872058.

In further embodiments, an effector-deficient anti-CD32a
antibody is an antibody that is capable of 1) preventing acti-
vation of CD32a by IgG immune complexes; 2) has an Fc
region that has been altered so as to reduce or eliminate
Fe-binding to CD16, CD32, and/or CD64 type 1gG receptors;
and 3) does not induce Fc-mediated adverse host reactions
following administration.

Whether the anti-CD32a effector-deficient antibodies of
the present invention are capable of inducing an adverse host
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reaction following administration can be tested by the
“Immobilized 1gG Test” described below.

“Immobilized IgG Test”: The following steps can deter-
mine whether an anti-CD32a antibody is capable of inducing
an IgG-mediated adverse reaction following intravenous
administration into a host animal. The host animal must be a
mammal and must display CD32 IgG receptors having at least
one epitope to which the anti-CD32a antibody to be tested is
known to bind as an antigen. For example, I[V.3 is an [gG mAb
known to bind CD32a antigen (e.g., as in SEQ ID NO: 70, and
as in SEQ ID NO: 71; see, e.g., Rosenfeld S I et al. Human
platelet Fc receptor for immunoglobulin G. Identification as a
40,000-molecular-weight membrane protein shared by
monocytes (December 1985) J Clin Invest 76:2317; PubMed
1D: 2934409); AT-10 is an IgG mAb known to bind CD32
antigen (e.g., as in SEQ ID NOs: 70-72; see e.g., Greenman J
et al. Characterization of a new monoclonal anti-Fc gamma
RII antibody, AT10, and its incorporation into a bispecific
F(ab")2 derivative for recruitment of cytotoxic effectors (No-
vember 1991) Mol Immunol 28:1243; PubMed ID:
1835758); and MDE-8 is an IgG mAb known to bind CD32
antigen (e.g., as in SEQ ID NOs: 70-72; see e.g., van Royen-
Kerkhof A et al. A novel human CD32 mAb blocks experi-
mental immune haemolytic anaemia in FcgammaRIIA trans-
genic mice (July 2005) Br J Haematol 130:130; PubMed ID:
15982355). One suitable host animal for use in the “Immo-
bilized IgG Test” for anti-CD32a mAbs is the FCGR2A
mouse (“B6;SIL-Tg(FCGR2A)11 Mkz/J” mice, #003542,
The Jackson Laboratory, Bar Harbor, Me., USA). Other suit-
able CD32-positive host animals are known to those skilled in
the art. The “Immobilized IgG Test™ is then conducted by, for
example, injecting the purified anti-CD32a test antibody
(preferably in physiologic saline, phosphate buffered saline,
or another suitably inert vehicle) into the tail vein of (in this
case) the FCGR2A (i.e., CD32A) mouse. Typically, 50-100
micrograms is injected; however, lack of reaction may sug-
gest greater quantities of antibody should be injected: for
example, 120 micrograms or 140 micrograms may be
required to elicit a reaction. Quantities greater than 150
micrograms are typically not required for FCGR2A mice.
Immediately following injection of the test antibody (in this
example, the anti-CD32a mAb), the animal in monitored for
core body temperature (typically, using a rectal thermometer)
every 10 minutes for at least 20 minutes post injection (base-
line temperature is established prior to test mAb injection). A
temperature drop of more than two degrees celcius (i.e.,
hypothermia) that is sustained for more than five minutes,
represents an adverse reaction indicating that the anti-CD32a
test mAD failed to satisfy the “Immobilized IgG Test”. Addi-
tionally, at least twenty minutes after injection of the anti-
CD32atestmAb, and preferably thirty minutes after injection
of the anti-CD32a test mAb, whole blood is collected from
the host animal (retro-orbitally, or by venipuncture) and ana-
lyzed to assess changes in the number of circulating target
cells. Cell counts can be obtained by flow cytometry, by
automated cell counter, or by use of a hemocytometer. In the
case of testing anti-CD32a mAbs in FCGR2A mice, baseline
platelet counts are obtained on the day prior to testing, or at
least one to three hours prior to injection of the anti-CD32a
test mAb. Note that the process of blood draw, and in particu-
lar serial blood draws, can reduce apparent cell counts. Typi-
cally, baseline platelet counts in FCGR2A mice will exceed
700 per nanoliter, and are more typically greater than 800 per
nanoliter, and may be as high as 1200, 1500, 1800, or 2000 per
nanoliter. In the case of testing anti-CD32a mAbs in
FCGR2A (CD32A) mice, a drop in circulating platelet counts
of greater than 50% represents an adverse reaction indicating
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that the anti-CD32a test mAb failed to satisfy the “Immobi-
lized IgG Test”. In contrast, if 50 or more micrograms of an
anti-CD32a mAb is intravenously injected into CD32A mice
and core body temperature does not drop more than two
degrees celcius for more than five minutes and circulating
platelet counts are not reduced by more than 50% within
thirty minutes, the anti-CD?32a antibody satisfies the “Immo-
bilized 1gG Test”.

In the Examples included herein, FIGS. 1-17 and FIG. 36
demonstrate (i.e., using the “Immobilized IgG Test”) that
effector-deficient but not native formats of chimeric 1V.3,
chimeric AT-10, humanized AT-10, and human MDE-8 1gG
anti-CD32a mAbs satisty the “Immobilized IgG Test”,
regardless of whether such anti-CD32a antibodies are of the
IgG1 or IgGG2 isotype subclass. Notably, all native anti-
CD32a IgG mAbs tested by the “Immobilized IgG Test”
failed to satisfy the “Immobilized IgG Test” in these
examples, while all effector-deficient anti-CD32a IgG mAbs
tested by the “Immobilized IgG Test” satisfied the “Immobi-
lized IgG Test™.

Methods for engineering effector-deficient antibodies with
reduced capacity for Fc-dependent binding to CD16, CD32,
and/or CD64 are well known in the art. For example, in order
to achieve this result, an effector-deficient antibody may have
one or more of the following mutations: E233P, G237M,
D265A, D265N, E269R, D270A, D270N, N297A, N297Q),
N297D, N297R, S298N, T299A (numbering is EU index of
Kabat).

In certain embodiments, the Fc region mutation is selected
from M252Y+S254T+T256E, G385D+Q386P+N389S, and
H433K+N434F+Y436H, which are mutations known to
extend circulating half-life of the therapeutic antibody (see,
e.g., U.S. Pat. No. 8,323,962).

In certain embodiments, the anti-CD32a mAbs of the
invention are modified to remove T-cell epitopes, which are
known in the art to promote immunogenicity.

1. Effector-Deficient AT-10 Monoclonal Antibodies

In one embodiment, the effector-deficient anti-CD32a anti-
body is an effector-deficient AT-10 antibody. In one aspect,
the AT-10 antibody comprises:

a. a heavy chain variable region CDR1 sequence compris-
ing a sequence thatis identical to the sequence Y Y WMN
(SEQID NO: 1) or GFTFSYYW (SEQ ID NO: 73 and
SEQ ID NO: 88), or is a sequence having 1 amino acid
difference as compared to YYWMN (SEQ ID NO: 1) or
GFTFSYYW (SEQ ID NO: 73 and SEQ ID NO: 88);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that is identical to the sequence EIRLK-
SNNYATHYAESVKG (SEQ ID NO: 2) or IRLKSN-
NYAT (SEQ ID NO: 74 and SEQ ID NO: 89), or is a
sequence having 1 or 2 amino acid differences as com-
pared to EIRLKSNNYATHYAESVKG (SEQIDNO: 2)
or IRLKSNNYAT (SEQ ID NO: 74 and SEQ ID NO:
89);

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is at identical to the sequence
RDEYYAMDY (SEQ ID NO: 3) or NRRDEYYAMDY
(SEQ ID NO: 75 and SEQ ID NO: 90), or is a sequence
having 1 or 2 amino acid differences as compared to
RDEYYAMDY (SEQ ID NO: 3) or NRRDEYYAMDY
(SEQ ID NO: 75 and SEQ ID NO: 90);

d. alight chain variable region CDR1 sequence comprising
a sequence that is at identical to the sequence RASES-
VDNFGISFMN (SEQ ID NO: 4) or ESVDNFGISF
(SEQ ID NO: 76 and SEQ ID NO: 91), or is a sequence
having 1 or 2 amino acid differences as compared to
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RASESVDNFGISFMN (SEQ ID NO: 4) or ESVDNF-
GISF (SEQ ID NO: 76 and SEQ ID NO: 91;

e. alight chain variable region CDR2 sequence comprising
a sequence that is at identical to the sequence GASN-
QGS (SEQIDNO: 5) or GAS (SEQIDNO: 77 and SEQ
ID NO: 92), or is a sequence having 1 or 2 amino acid
differences as compared to GASNQGS (SEQ ID NO: 5)
or GAS (SEQ ID NO: 77 and SEQ ID NO: 92); and

f. alight chain variable region CDR3 sequence comprising
a sequence that is identical to the sequence
QQSKEVPWT (SEQ ID NO: 6) or QQSKEVPWT
(SEQ ID NO:78 and SEQ ID NO: 93), or is a sequence
having 1 or 2 amino acid differences as compared to
QQSKEVPWT (SEQ ID NO: 6) or QQSKEVPWT
(SEQ ID NO:78 and SEQ ID NO: 93.

In other aspects, the effector-deficient AT-10 antibody
comprises a variable heavy chain sequence comprising a
sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to the sequence shown in SEQ ID
NO: 8, and a variable light chain sequence comprising a
sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to the sequence shown in SEQ ID
NO: 10.

In other aspects, the effector-deficient AT-10 antibody
comprises:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 16 or SEQ ID NO: 18;
and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 22.

In another embodiment, the effector-deficient humanized
AT-10 antibody comprises a variable heavy chain sequence
comprising a sequence that is at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% identical to the sequence
shown in SEQID NO: 12; and a variable light chain sequence
comprising a sequence that is at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% identical to the sequence
shown in SEQ 1D NO: 14.

In another aspect, the effector-deficient humanized AT-10
antibody comprises:

a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the sequence
shown in SEQ ID NO: 20; and

alight chain sequence that s at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% identical to the sequence
shown in SEQ 1D NO: 24.

2. Effector-Deficient IV.3 Monoclonal Antibodies

In one embodiment, the effector-deficient anti-CD32a anti-
body is an effector-deficient IV.3 antibody. In one aspect, the
IV.3 antibody comprises:

a. a heavy chain variable region CDR1 sequence compris-
ing a sequence that is at identical to the sequence
NYGMN (SEQ ID NO: 25) or GYTFINYG (SEQ 1D
NO: 79), or is a sequence having 1 or 2 amino acid
differences as compared to the sequence NYGMN (SEQ
ID NO: 25) or GYTFINYG (SEQ ID NO: 79);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that is identical to the sequence WLN-
TYTGESIYPDDFKG (SEQ ID NO: 26) or LNTYT-
GES (SEQ ID NO: 80), or is a sequence having 1 or 2
amino acid differences as compared to the sequence
WLNTYTGESIYPDDFKG (SEQ ID NO: 26) or
LNTYTGES (SEQ ID NO: 80,

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is identical to the sequence GDYGY-
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DDPLDY (SEQ ID NO: 27) or ARGDYGYDDPLDY
(SEQ ID NO: 81), or is a sequence having 1 or 2 amino
acid differences as compared to the sequence GDYGY-
DDPLDY (SEQ ID NO: 27) or ARGDYGYDDPLDY
(SEQID NO: 81);

d. alight chain variable region CDR1 sequence comprising
a sequence that is identical to the sequence RSSK-
SLLHTNGNTYLH (SEQ ID NO: 28) or KSLLHT-
NGNTY (SEQ ID NO: 82 and SEQ ID NO: 100), oris a
sequence having 1 or 2 amino acid differences as com-
pared to the sequence RSSKSLLHTNGNTYLH (SEQ
ID NO: 28) or KSLLHTNGNTY (SEQ ID NO: 82 and
SEQ ID NO: 100);

e. alight chain variable region CDR2 sequence comprising
a sequence that is identical to the sequence RMSVLAS
(SEQID NO: 29) or RMS (SEQ ID NO: 83 and SEQID
NO: 101), or is a sequence having 1 or 2 amino acid
differences as compared to the sequence RMSVLAS
(SEQID NO: 29) or RMS (SEQ ID NO: 83 and SEQID
NO: 101); and

f. alight chain variable region CDR3 sequence comprising
a sequence that is identical to the sequence MQHLEY-
PLT (SEQ ID NO: 30) or MQHLEYPLT (SEQ ID NO:
84 and SEQ ID NO: 102), or is a sequence having 1 or 2
amino acid differences as compared to the sequence
MQHLEYPLT (SEQ ID NO: 30) or MQHLEYPLT
(SEQ ID NO: 84 and SEQ ID NO: 102).

In other aspects, the effector-deficient IV.3 antibody com-
prises a variable heavy chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% identical to the sequence shown in SEQ ID NO: 32;
and a variable light chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% identical to the sequence shown in SEQ ID NO: 34.

In other aspects, the effector-deficient IV.3 antibody com-
prises:

a. a heavy chain sequence comprising a sequence that is at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% identical to the sequence shown in SEQ ID NO: 43
or SEQ ID NO: 45, and

b. a light chain sequence comprising a sequence that is at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% identical to the sequence shown in SEQ ID NO: 51.

In one embodiment, the effector-deficient IV.3 antibody is
a humanized antibody comprising a variable heavy chain
sequence comprising a sequence that is at least 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO:36 or SEQ ID NO: 38; and a
variable light chain sequence comprising a sequence that is at
least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to the sequence shown in SEQ ID NO: 41 or SEQ ID
NO: 85.

In certain embodiments, the effector-deficient humanized
IV.3 antibody comprises:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 47 or SEQ ID NO: 49;
and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 53 or SEQ ID NO: 87.

3. Effector-Deficient MDE-8 Monoclonal Antibodies

In some aspects, the effector-deficient anti-CD32a anti-
body is an effector-deficient MDE-8 antibody. In some
aspects the effector-deficient MDE-8 antibody comprises:

a. a heavy chain variable region CDR1 sequence compris-
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(SEQID NO: 54) or GFTFSSY (residues 1-7 of SEQ ID
NO: 94), or is a sequence having 1 or 2 amino acid
differences as compared to the sequence SYGMH (SEQ
ID NO: 54) or GFTFSSY (residues 1-7 of SEQ ID NO:
94);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that is identical to the sequence VIW-
YDGSNYYYTDSVKG (SEQ ID NO: 55) or IWYDG-
SNY (SEQ ID NO: 95), or is a sequence having 1 or 2
amino acid differences as compared to the sequence
VIWYDGSNYYYTDSVKG (SEQ ID NO: 55) or
IWYDGSNY (SEQ ID NO: 95;

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is identical to the sequence
DLGAAASDY (SEQIDNO: 56) or ARDLGAAASDY
(SEQ ID NO: 96), or is a sequence having 1 or 2 amino
acid differences as compared to the sequence
DLGAAASDY (SEQIDNO: 56) or ARDLGAAASDY
(SEQ ID NO: 96);

d. alight chain variable region CDR1 sequence comprising
a sequence that is identical to the sequence RASQGIN-
SALA (SEQID NO: 57) or QGINSA (SEQ ID NO: 97),
or is a sequence having 1 or 2 amino acid differences as
compared to the sequence RASQGINSALA (SEQ ID
NO: 57) or QGINSA (SEQ ID NO: 97);

e. alight chain variable region CDR2 sequence comprising
a sequence that is identical to the sequence DASSLES
(SEQ ID NO: 58) or DAS (SEQ ID NO: 98), or is a
sequence having 1 amino acid differences as compared
to the sequence DASSLES (SEQ ID NO: 58) or DAS
(SEQ ID NO: 98); and

f. alight chain variable region CDR3 sequence comprising
a sequence that is identical to the sequence QQFN-
SYPHT (SEQ ID NO: 59) or QQFNSYPHT (SEQ ID
NO: 99), or is a sequence having 1 or 2 amino acid
differences as compared to the sequence QQFNSYPHT
(SEQ ID NO: 59) or QQFNSYPHT (SEQ ID NO: 99).

In other aspects, the effector-deficient MDE-8 antibody
comprises a variable heavy chain sequence comprising a
sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to the sequence shown in SEQ ID
NO: 61; and a variable light chain sequence comprising a
sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical to the sequence shown in SEQ ID
NO: 63.

In one embodiment, the effector-deficient anti-CD32a anti-
body is an effector-deficient anti-MDES antibody compris-
ing:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 65 or SEQ ID NO: 67;
and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 69.

The antibodies of the composition and method embodi-
ments may be fully human, humanized, chimeric, recombi-
nant, or synthetic.

In some aspects, the invention comprises an isolated anti-
body that competes for binding to CD32a with an effector-
deficient antibody disclosed herein.

In some aspects, the invention comprises a pharmaceutical
composition comprising an effector-deficient anti-CD32a
antibody as described herein.

In one embodiment, the effector-deficient anti-CD32a anti-
body is an effector-deficient MDE-8, 1V.3, or AT-10 mono-
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clonal antibody. In one embodiment, the effector-deficient
MDE-8, 1V.3, or AT-10 monoclonal antibody is humanized.

An effector deficient anti-CD32a monoclonal antibody
that specifically binds CD32a comprising at least a portion of
an Fc domain that is mutated at one or more amino acids,
wherein the mutation prevents Fc-mediated binding to CD16,
CD32, or CD64 IgG receptors is encompassed.

b. Further Antibody Embodiments

The antibodies in the composition and method embodi-
ments may exhibit any or all of the following functional
features:

a. the antigen-binding portions of the antibodies bind
human CD32a with an equilibrium affinity constant
value (“K,,”) stronger (less than) than 10~® M when in
aqueous solution;

b. the antigen-binding portions of the antibodies bind
human CD32 where such binding inhibits stable inter-
actions between such bound-CD32 and the Fc-region of
any human or therapeutic IgG molecule where such
human or therapeutic IgG molecule is either: (1) bound
in a Fab-dependent manner to at least one antigen mol-
ecule, or (2) clustered into an assembly of at least two
such human or therapeutic IgG molecules, or (3) local-
ized to a surface in such a manner so as to restrict
aqueous diffusion of the human or therapeutic IgG mol-
ecule;

c. the antibodies include at least a portion of an Fc-region,
and either lack the capacity, or have reduced capacity,
for Fe-region binding to human IgG receptors (Fcgam-
maRs) of classical types 1 (CD64), II (CD32), or III
(CD16), where such reduced or absent binding is com-
paratively more than 20%, 30%, 40%, 45%, or 50%
weaker than that of corresponding naturally occurring
classical IgG-Fc-regions (i.e., either of IgGl, IgG2,
1gG3, or IgG4), where any such classical IgG-Fc-region
exhibits binding to CD16, CD32, or CD64.

The antibodies in the composition and method embodi-
ments may exhibit any or all of the following structural fea-
tures:

a. The antibodies comprise, consist, or consist essentially
of (in terms of amino acid composition) the following
arrangement of a total of four polypeptides per single
IgG molecule:

i. two heavy chain polypeptides covalently bound
together by at least two cysteine-to-cysteine disulfide
bonds, wherein such interchain disulfide bonds are
located in or near the hinge region, and wherein such
heavy chain polypetpides are of the IgG isotype (class
1, 2, 3, or 4, or any hybrid version comprising seg-
ments of the same) of heavy chain immunoglobulin
molecule, and where each such heavy chain polypep-
tide is comprised of at least a portion of one variable
domain (VH) and one, two, or three constant domains
(CH1, CH2, and CH3) or portions thereof. An
example of a hybrid constant region IgG heavy chain
molecule would be one having an IgG1 CH1 domain
with a hinge region derived from IgGl and the
remaining carboxy-terminal portion of the polypep-
tide derived from that of the CH2 and CH3 domains of
the 1gG2 heavy chain;
two light chain polypeptides covalently bound each
(individually) to a single heavy chain polypeptide (of
item [i] immediately above), wherein such covalent
bond consists of at least one cysteine-to-cysteine
interchain disulfide bond between a single said light
chain and a single said heavy chain polypeptide, and
wherein such light chain polypeptides are of the
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kappa or the lambda type of light chain immunoglo-
bulin molecules, each of which comprising, consist-
ing, or consisting essentially of at least one variable
domain (VL) and at least one light chain constant
domain;

b. The antibodies may have an apparent molecular mass (as

determined by SDS-PAGE analysis using 8%-12%
polyacrylamide gels under non-reducing conditions)
greater than about 100,000 daltons and less than about
250,000 daltons, greater than about 120,000 and less
than about 180,000 daltons, or about 140,000 to 165,000
daltons, in apparent molecular mass;

c¢. The antibodies may have heavy chain constant regions

with amino acid compositions that are at least 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
heavy chain constant regions of naturally occurring
human IgG isotype molecules of class 1 (IgGl), 2
(IgG2), 3 (IgG3), or 4 (IgG4), wherein such identity is
determined for each amino acid of the antibodies com-
pared to each corresponding position naturally occur-
ring in human IgG heavy chains of any isotype, as found
by genetic sequencing or as reported in the relevant
literature or as found in any therapeutic IgG antibody
used to treat human patients, wherein such identity com-
parison allows sufficient sequence gap-lengths and a
sufficient quantity of gaps so as to maximize identity
between compared polypeptides. The composition of
said naturally occurring human antibody molecules
includes any and all allotypic variants (see, e.g., Jefferis
R, Lefranc M P. Human immunoglobulin allotypes: pos-
sible implications for immunogenicity (2009 July-Au-
gust) MAbs 1:332; PubMed ID: 20073133);

. The antibodies may have light chain constant regions

with amino acid compositions that at least 85%, 90%,
95%, 96%, 97%, 98%, or 99% identical to the light chain
constant regions of naturally occurring human kappa or
lambda type molecules, wherein such identity is deter-
mined for each amino acid of the antibodies compared to
each corresponding position naturally occurring in
human light chains as found by genetic sequencing or as
reported in the relevant literature or as found in any
therapeutic antibody used to treat human patients,
wherein such identity comparison allows sufficient
sequence gap-lengths and a sufficient quantity of gaps so
as to maximize identity between compared polypep-
tides. The composition of said naturally occurring
human antibody molecules includes any and all possible
allotypic variants (see, e.g., Jefferis R, Lefranc M P.
Human immunoglobulin allotypes: possible implica-
tions for immunogenicity (2009 July-August) MAbs
1:332; PubMed ID: 20073133);

e. The antibodies may comprise, consist, or consist essen-

tially of heavy chain variable (VH) and light chain vari-
able (VL) domains derived from a mammalian source
(e.g., human, primate, rabbit, ruminant, mouse or other
rodent). In cases where the VH or the VL coding source
is not human, the antibody may be either chimeric (due
to the presence of human constant regions) or human-
ized (due to the grafting of non-human amino acid
sequences onto a human framework variable region);

f. In one embodiment, the antibodies are not conjugated to

any of the following: (1) a cytotoxin (e.g., vincristine),
(2) a radioactive substance (e.g., '''indium), (3) an
imaging agent (e.g., fluorescein), (4) a small molecule
therapeutic drug (e.g., bleomycin), (5) a therapeutic
non-antibody polypeptide (e.g., interferon-gamma), (6)
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an enzyme (e.g., a peroxidase), (7) a vaccine-substance
(e.g., a viral polypeptide), or (8) a polyethylene glycol
molecule (e.g., PEG).

g. In one embodiment, the antibodies are conjugated to any
of'the following: (1) a cytotoxin (e.g., vincristine), (2) a
radioactive substance (e.g., *'indium), (3) an imaging
agent (e.g., fluorescein), (4) a small molecule therapeu-
tic drug (e.g., bleomycin), (5) a therapeutic non-anti-
body polypeptide (e.g., interferon-gamma), (6) an
enzyme (e.g., a peroxidase), (7) a vaccine-substance
(e.g., a viral polypeptide), or (8) a polyethylene glycol
molecule (e.g., PEG).

The antibodies in the composition and method embodi-
ments may exhibit any or all of the following structure-func-
tion correlates:

a. The antibodies may comprise, consist, or consist essen-
tially of two CD32 binding domains that derive from the
variable (Fab) regions formed by each of the two heavy-
light chain pairs, and because of this divalent structure
have the capacity to bind either one or two antigen
epitopes;

b. The Fc region of the antibodies is either reduced in its
ability, or completely lacking the ability, to bind human
CD16, CD32, or CD64 IgG receptors, wherein such
reduced IgG receptor binding activity is the result of
either (1) fusion (e.g., hybridization) of two or more
IgG-Fe-region polypeptide sequences, (2) enzymatic
modification of Fe-region carbohydrate molecules (e.g.,
modification or removal of a carbohydrate molecule
from the asparagine residue located at position 297 in
the EU index of Kabat), or (3) engineered amino acid
mutations at one or more positions in the constant region
of the IgG heavy chain, wherein such engineered muta-
tions reduce or eliminate Fc-dependent binding to the
following types of classical human IgG receptors:
CD16, CD32, and CD64;

c. The antibodies, when bound to human CD32, form
stable immune complexes that inhibit the capacity of the
Fc region of other IgG antibodies to cause said CD32
molecules to directly induce inflammatory cellular reac-
tions, wherein such other IgG antibodies are either: (1)
bound in a Fab-dependent manner to at least one antigen
molecule, or (2) clustered into an assembly of at least
two such IgG molecules, or (3) localized to a surface in
such a manner so as to restrict aqueous diffusion of said
1gG molecule.

Nucleic Acids, Vectors, and Host Cells

The invention also provides a synthetic or recombinant
nucleic acid sequence encoding any of the antibodies
described herein. Such nucleic acid is, for instance, isolated
from a B-cell that is capable of producing an antibody
described herein. Such nucleic acids encode the heavy and
light chain sequences set forth herein. Alternatively, such
nucleic acids encode heavy and light chain sequences com-
prising the heavy and light chain CDRs, respectively, set forth
herein. In some embodiments, the nucleic acids will encode
functional parts of the antibodies described herein. Due to the
degeneracy of the nucleic acid code, multiple nucleic acids
will encode the same amino acid and all are encompassed
herein. Certain encompassed nucleic acids are described in
Tables 1-5.

In some aspects, the invention comprises a vector compris-
ing a nucleic acid molecule as described herein. In some
embodiments, the invention comprises a host cell comprising
a nucleic acid molecule as described herein.
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In some aspects, the invention comprises a nucleic acid
molecule encoding at least one antibody disclosed herein.

Methods of Making Antibodies

In one embodiment, a method of making an effector-defi-
cient anti-CD32a antibody is provided. In one aspect the
method comprises culturing a host cell comprising a nucleic
acid encoding an effector-deficient anti-CD32a antibody and
isolating a secreted antibody. The nucleic acid encoding the
effector-deficient anti-CD32a antibody may be any nucleic
acid described in Tables 1-5 or fragments or variants thereof.

In one embodiment, a host cell expressing an effector-
deficient anti-CD32a antibody is encompassed. The host cell
may be a mammalian cell. Non-limiting examples include
host cells derived from a human individual, rodent, rabbit,
llama, pig, cow, goat, horse, ape, or gorilla. In one embodi-
ment, said host cell comprises a human cell, a murine cell, a
rabbit cell and/or a llama cell.

In one embodiment, a host cell may comprise Chinese
hamster ovary (CHO) cell line, 293(T) cells, COS cells, NSO
cells and other cell lines known in the art and comprise
nucleic acid sequences encoding the antibody described
herein. Host cells may be adapted to commercial antibody
production (“producer cell”). Proliferation of said producer
cell results in a producer cell line capable of producing effec-
tor-deficient anti-CD32a antibodies. A producer cell line may
be suitable for producing compounds for use in humans.
Hence, said producer cell line may be free of pathogenic
agents such as pathogenic micro-organisms.

Further provided is a method for producing antibodies
which are capable of specifically binding CD32a, wherein the
antibody prevents the activation of CD32a by immobilized
IgG or prevents activation of CD32 by IgG immune com-
plexes, the method comprising: producing an antibody-pro-
ducing cell capable of producing said eftector-deficient anti-
bodies and obtaining antibodies produced by said antibody
producing cell.

An isolated or recombinant antibody, as well as an isolated
or recombinant host cell, obtainable by one of the methods
provided herein, or a functional equivalent thereof, is also
provided.

In one embodiment, the antibodies were produced by
obtaining nucleic acid molecules coding for the variable
region of light chain and heavy chains of anti-CD32a anti-
bodies (IV.3, AT-10, and MDE-8). For example, the antibod-
ies may be obtained: 1) from hybridoma cell lines by Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) using
ribonucleic acid (RNA) isolated from these cell lines and
oligo primers directed to the 5' leader coding sequence and 5'
constant chain coding sequence, or 2) by producing synthetic
molecules (by commercially available means) containing the
known nucleic acid sequences of variable regions of light
chain and heavy chains of anti-CD32a antibodies.

In one embodiment, nucleic acid molecules coding for
humanized variable regions of light chains and heavy chains
of anti-CD32a antibodies were obtained by producing syn-
thetic molecules (by commercially available means) contain-
ing the known nucleic acid sequences with the modification
described herein.

In one embodiment, nucleic acid molecules coding for the
variable region of light chains and heavy chains of anti-
CD32a antibodies (IV.3, AT-10, and MDE-8) were cloned
into commercially available plasmid vectors, pFUSE, that
contain the respective nucleic acid sequences coding for the
light chain constant region (immunoglobulin kappa), and the
heavy chain constant regions (human IgG1 or human IgG2).
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In one embodiment, effector-deficient anti-CD32a anti-
bodies were produced by creating nucleic acid mutations by
site-directed mutagenesis on the heavy chain constant regions
coding sequences of pFUSE plasmids.

In one embodiment, anti-CD32a antibodies were produced
by transfecting human embryonic kidney cells (e.g. Expi293
cells) with pFUSE plasmid vectors containing nucleic acid
molecules coding for variable regions as well as constant
regions of light and heavy antibody chains. In some aspects,
the nucleic acid molecules coded for chimeric, humanized, or
human anti-CD32a mAbs, in IgG1 or 1gG2 isotype subclass,
in native (effector-competent) or mutated (effector-deficient)
format.

In one embodiment, anti-CD32a antibodies secreted by
transfected cells were purified from culture media by Protein
G column purification and dialized in buffered saline prior to
use.

Pharmaceutical Compositions

The invention comprises a pharmaceutical composition
comprising at least one effector-deficient anti-CD32a anti-
body as described herein and a pharmaceutically acceptable
excipient. In some embodiments, the pharmaceutical compo-
sition further comprises an additional active agent.

In certain embodiments, the pharmaceutical composition
will be determined by one skilled in the art depending upon,
for example, the intended route of administration, delivery
format and desired dosage. See, for example, Remington’s
Pharmaceutical Sciences, 18th Edition, A. R. Gennaro, ed.,
Mack Publishing Company (1995). In certain embodiments,
such compositions may influence the physical state, stability,
rate of in vivo release and rate of in vivo clearance of the
antibodies of the invention.

In certain embodiments, the excipient in the pharmaceuti-
cal composition can be either aqueous or non-aqueous in
nature. For example, in certain embodiments, a suitable
excipient can be water for injection, physiological saline
solution or artificial cerebrospinal fluid, possibly supple-
mented with other materials common in compositions for
parenteral administration. In some embodiments, the saline
comprises isotonic phosphate-buffered saline. In certain
embodiments, neutral buffered saline or saline mixed with
serum albumin are further exemplary excipients. In certain
embodiments, pharmaceutical compositions comprise Tris
buffer of about pH 7.0-8.5, or acetate buffer of about pH
4.0-5.5, which can further include sorbitol or a suitable sub-
stitute therefore. In certain embodiments, a composition com-
prising an effector-deficient antibody as described herein,
with or without at least one additional therapeutic agents, can
be prepared for storage by mixing the selected composition
having the desired degree of purity with optional formulation
agents (Remington’s Pharmaceutical Sciences, supra) in the
form of a lyophilized cake or an aqueous solution. Further, in
certain embodiments, a composition comprising an effector-
deficient antibody as described herein, with or without at least
one additional therapeutic agents, can be formulated as a
lyophilizate using appropriate excipients such as sucrose.

The antibodies/compositions of the present invention may
be administered orally, parenterally, by inhalation spray, topi-
cally, rectally, nasally, buccally, vaginally or via an implanted
reservoir. The term “parenteral” as used herein includes sub-
cutaneous, intravenous, intramuscular, intra-articular, intra-
synovial, intrasternal, intrathecal, intrahepatic, intralesional
and intracranial injection or infusion techniques.

CD32a-Mediated Mediated Diseases and Disorders

CD32a-mediated diseases and disorders include heparin-
induced thrombocytopenia (HIT), immune thrombocy-
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topenic purpura (ITP), antiphospholipid syndrome (APS),
thrombosis associated with autoimmunity or with certain
drugs (e.g., heparin) and antibody therapies (e.g., anti-VEGF
oranti-CD40L immunotherapies), transfusion or organ trans-
plantation reactions, certain viral infections, rheumatoid
arthritis (RA), psoriasis, psoriatic arthritis, inflammatory
bowel disease, osteoarthritis, systemic lupus erythematous
(SLE), asthma, allergic rhinitis, lupus nephritis, antibody-
mediated anemias, anaphylaxis and airway inflammation.
See, e.g., Gillis C et al. Contribution of Human FcgammaRs
to Disease with Evidence from Human Polymorphisms and
Transgenic Animal Studies (2014 May 30) Front Immunol
5:254; PubMed ID: 24910634; Bruhns P. Properties of mouse
and human IgG receptors and their contribution to disease
models (2012 Jun. 14) Blood, 119(24):5640-9, PubMed ID:
22535666; and Hogarth P M and Pietersz G A, Fc receptor-
targeted therapies for the treatment of inflammation, cancer
and beyond (2012 Mar. 30) Nat Rev Drug Discov 11(4):311-
31, PubMed ID: 22460124.

In one embodiment, the CD32a-mediated disease or disor-
der is thrombocytopenia. Thrombocytopenia is characterized
by a drop in circulating platelets. In one embodiment, throm-
bocytopenia is defined as a platelet count less than the lower
limit of normal (usually taken as 150x10°/L). In other
embodiments, thrombocytopenia is defined as a fall in the
number of circulating platelets. For example, a fall in the
platelet count of 30-50% or more, following administration of
heparin, may be a symptom of heparin-induced thrombocy-
topenia, even if the platelet count does not fall below 150x
10°/L. (Warkentin T E. Clinical presentation of heparin-in-
duced thrombocytopenia (October 1998) Semin Hematol
35(4 Suppl 5):9-16; discussion 35-6; PubMed ID: 9855179).
The platelet count is typically measured by electronic count-
ing methods, and usually as part of a Complete Blood Count
(CBC). Methods for treating thrombocytopenia with any one
of or a combination of the effector-deficient antibodies
described herein, alone or in combination with other thera-
pies, are encompassed.

In another embodiment, the CD32a-mediated disease or
disorder is IgG-mediated thrombosis. In one embodiment,
IgG-mediated thrombosis is thrombosis caused by IgG
immune complexes or by immobilzed IgG (see, e.g., Reilly M
P et al. Heparin-induced thrombocytopenia/thrombosis in a
transgenic mouse model requires human platelet factor 4 and
platelet activation through FegammaRIIA. Blood. 2001 Oct.
15; 98(8):2442-7. PubMed ID: 11588041; and also Taylor S
M et al. Thrombosis and shock induced by activating anti-
platelet antibodies in human FegammaRIIA transgenic mice:
the interplay among antibody, spleen, and Fc receptor. Blood.
2000 Dec. 15; 96(13):4254-60. PubMed ID: 11110699,
respectively). Methods for treating IgG-mediated thrombosis
with any one of or a combination of the effector-deficient
antibodies described herein are encompassed. A method for
treating IgG-mediated thrombosis comprising administering
one or a combination of an effector-deficient antibody as
described herein, alone or in combination with other thera-
pies, wherein IgG-thrombosis is any thrombosis caused by
IgG immune complexes or by immboilized IgG, is encom-
passed.

Insome aspects, the CD32a-mediated disease or disorder is
caused, at least in part, by activation of CD32a on or in cells
(Hogarth P M et al. Fc receptor-targeted therapies for the
treatment of inflammation, cancer and beyond (30 Mar. 2012)
Nat Rev Drug Discov 11:311; PubMed ID: 22460124),
including platelets, monocytes, neutrophils, basophils, eosi-
nophils, macrophages, dendritic cells (Boruchov A M et al.
Activating and inhibitory IgG Fc receptors on human DCs
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mediate opposing functions (October 2005) J Clin Invest
115:2914; PubMed ID: 16167082), mast cells, and dermal
microvascular endothelial cells (Groger M et al. Dermal
microvascular endothelial cells express CD32 receptors in
vivo and in vitro (15 Feb. 1996) J Immunol 156:1549;
PubMed ID: 8568259). In some other aspects, the CD32a-
mediated disease or disorder is caused, at least in part, by
activation of CD32a on malignant cells, e.g., Hodgkin’s dis-
ease, non-Hodgkin’s lymphoma, Burkitt’s lymphoma, ana-
plastic large cell lymphoma, cutaneous T-cell lymphomas,
nodular small cleaved-cell lymphomas, lymphocytic lym-
phomas, peripheral T-cell lymphomas, Lennert’s lympho-
mas, immunoblastic lymphomas, T-cell leukemias/lympho-
mas, adult T-cell leukemia, follicular lymphomas, diffuse
large cell lymphomas of B lineage, angioimmunoblastic lym-
phadenopathy (AILD)-like T-cell lymphoma, HIV-associ-
ated body cavity based lymphomas, Embryonal carcinomas,
undifferentiated carcinomas of the rhino-pharynx, Castle-
man’s disease, Kaposi sarcoma and other B-cell lymphomas.
Methods for treating a disease or disorder characterized by
activation of CD32a with any one of or a combination of the
effector-deficient antibodies described herein, alone or in
combination with other therapies, are encompassed.

In one embodiment, the CD32a-mediated disease or disor-
der is an immune, autoimmune, allergic, or inflammatory
disease or disorder. The immune, autoimmune, allergic, or
inflammatory disorder may be rheumatoid arthritis (RA),
psoriasis, psoriatic arthritis, inflammatory bowel disease,
including Crohn’s disease and ulcerative colitis, antiphos-
pholipid syndrome (APS), atopic dermatitis, chronic inflam-
matory pulmonary disease, osteoarthritis, systemic lupus
erythematous (SLE), lupus nephritis, systemic scelrosis,
Graves’ disease, Hashimoto’s thyroiditis, Wegner’s granulo-
matosis, Omen’s syndrome, chronic renal failure, idiopathic
thrombocytopenic purpura, insulin-dependent diabetes mel-
litus, acute infectious mononucleosis, HIV, herpes virus-as-
sociated diseases, multiple sclerosis, hemolytic anemia, thy-
roiditis, stiff man syndrome, pemphigus vulgaris, and
myasthenia gravis, antibody-mediated arthritis, or antibody-
induced anemias or cytopenias. Methods for treating an
immune, autoimmune, allergic, or inflammatory disease or
disorder with any one of or a combination of the effector-
deficient antibodies described herein are encompassed.
Methods for treating rheumatoid arthritis (RA), psoriasis,
psoriatic arthritis, inflammatory bowel disease, including
Crohn’s disease and ulcerative colitis, antiphospholipid syn-
drome (APS), atopic dermatitis, chronic inflammatory pul-
monary disease, osteoarthritis, systemic lupus erythematous
(SLE), lupus nephritis, antibody-mediated arthritis, or anti-
body-induced anemias or cytopenias with any one of or a
combination of the effector-deficient antibodies described
herein, alone or in combination with other therapies, are
encompassed.

The CD32a-mediated disease or disorder may be an
immune complex-mediated disease or disorder. Immune
complex-mediated diseases or disorders are characterized by
localized or systemic inflammatory processes that damage
cells and tissues, as in the cases, for example, of inflammation
caused by IgG-induced release of Tumor Necrosis Factor
alpha (TNF-alpha, an inflammatory cytokine) from mono-
cytes in RA (Mathsson L et al. Immune complexes from
rheumatoid arthritis synovial fluid induce FcgammaRIla
dependent and rheumatoid factor correlated production of
tumour necrosis factor-alpha by peripheral blood mono-
nuclear cells (2006) Arthritis Res Ther 8:R64; PubMed ID:
16569263), or of kidney damage caused by polymorpho-
nuclear cells (neutrophils, basophils, eosinophils) in SLE and
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glomerulonephritis (Suzuki Y et al. Pre-existing glomerular
immune complexes induce polymorphonuclear cell recruit-
ment through an Fc receptor-dependent respiratory burst:
potential role in the perpetuation of immune nephritis (2003
Mar. 15) J Immunol 170:3243; PubMed ID: 12626583; Rovin
B H. The chemokine network in systemic lupus erythematous
nephritis (2008 Jan. 1) Front Biosci 13:904; PubMed ID:
17981599). Immune complex-mediated diseases or disorders
include numerous other acute and chronic conditions (Gillis
C et al. Contribution of Human FegammaRs to Disease with
Evidence from Human Polymorphisms and Transgenic Ani-
mal Studies (2014 May 30) Front Immunol 5:254; PubMed
1D: 24910634). Methods for treating an immune complex-
mediated disease or disorder with any one of or any combi-
nation of the effector-deficient antibodies described herein,
alone or in combination with other therapies, are encom-
passed.

Diseases or disorders known to be associated with immune
complex formation include rheumatoid arthritis (RA), sys-
temic lupus erythematosus (SLE), heparin-induced thromb-
ocytopenia (HIT), lupus nephritis, and APS. Methods for
treating rheumatoid arthritis (RA), systemic lupus erythema-
tosus (SLE), heparin-induced thrombocytopenia (HIT),
lupus nephritis, and APS with any one of or any combination
of the effector-deficient antibodies described herein, alone or
in combination with other therapies, are encompassed.

The types of immune complexes associated with such dis-
eases or disorders include circulating 1gG immune com-
plexes, deposited IgG immune complexes, and immobilized
IgG immune complexes. Methods for treating any disease or
disorder characterized by circulating IgG immune com-
plexes, deposited IgG immune complexes, or immobilized
IgG immune complexes with any one of or any combination
of the effector-deficient antibodies described herein, alone or
in combination with other therapies, are encompassed.

In one embodiment, a disease or disorder characterized by
circulating IgG immune complexes, deposited IgG immune
complexes, or immobilized IgG immune complexes includes
RA and SLE characterized by circulating IgG immune com-
plexes. See, e.g., Zhao X et al. Circulating immune com-
plexes contain citrullinated fibrinogen in rheumatoid arthritis
(2008) Arthritis Res Ther 10:R94; PubMed ID: 18710572;
Ohyama K et al. Immune complexome analysis of serum and
its application in screening for immune complex antigens in
rheumatoid arthritis (2011 June) Clin Chem 57:905; PubMed
1D: 21482748; Soares N M et al. An improved anti-C3/IgG
ELISA for quantification of soluble immune complexes (1
Mar. 2001) J Immunol Methods 249:199; PubMed ID:
11226477; and Huber C et al. C3-containing serum immune
complexes in patients with systemic lupus erythematosus:
correlation to disease activity and comparison with other
rheumatic diseases (1989) Rheumatol Int 9:59; PubMed ID:
2814209). Methods for treating RA and SLE, wherein the RA
or SLE is characterized by circulating IgG immune com-
plexes with any one of or any combination of the effector-
deficient antibodies described herein, alone or in combination
with other therapies, are encompassed.

In one embodiment, a disease or disorder characterized by
circulating IgG immune complexes, deposited IgG immune
complexes, or immobilized IgG immune complexes includes
RA, SLE, and APS characterized by 1gG immune complexes
deposited on circulating cells or particles or in tissues. See,
e.g., Zhao X et al. Circulating immune complexes contain
citrullinated fibrinogen in rheumatoid arthritis (2008) Arthri-
tis Res Ther 10:R94; PubMed ID: 18710572; Nielsen C T et
al. Increased IgG on cell-derived plasma microparticles in
systemic lupus erythematosus is associated with autoantibod-
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ies and complement activation (April 2012) Arthritis Rheum
64:1227; PubMed ID: 22238051 ; and de Groot P G et al. The
significance of autoantibodies against beta-2 glycoprotein I
(Jul. 12, 2012) Blood 120:266; PubMed ID: 22553312).
Methods for treating RA, SLE, and APS, wherein the RA,
SLE, or APS is characterized by IgG immune complexes
deposited on circulating cells or particles or in tissues with
any one of or any combination of the effector-deficient anti-
bodies described herein, alone or in combination with other
therapies, are encompassed.

In one embodiment, a disease or disorder characterized by
circulating IgG immune complexes, deposited IgG immune
complexes, or immobilized IgG immune complexes includes
RA, SLE, HIT, and APS, wherein the RA, SLE, HIT, or APS
is characterized by soluble or immobilized immune com-
plexes. See, e.g., Ohyama K et al. Immune complexome
analysis of serum and its application in screening for immune
complex antigens in rheumatoid arthritis (2011 June) Clin
Chem 57:905; PubMed 1D: 21482748; Ronnelid I et al.
Immune complexes from SLE sera induce I[.10 production
from normal peripheral blood mononuclear cells by an
FegammaRII dependent mechanism: implications for a pos-
sible vicious cycle maintaining B cell hyperactivity in SLE
(January 2003) Ann Rheum Dis 62:37; PubMed ID:
12480667; Cines D B et al. Heparin-induced thrombocytope-
nia: an autoimmune disorder regulated through dynamic
autoantigen assembly/disassembly (February 2007) J Clin
Apher 22:31; PubMed ID: 17285619; and de Groot P G et al.
The significance of autoantibodies against beta-2 glycopro-
teinI (Jul. 12, 2012) Blood 120:266; PubMed ID: 22553312.
Methods for treating RA, SLE, HIT, or APS, wherein the RA,
SLE, HIT, or APS is characterized by soluble or immobilized
immune complexes with any one of or any combination of the
effector-deficient antibodies described herein, alone or in
combination with other therapies, are encompassed.

Importantly, more than one type of the above-mentioned
immune complexes may be present simultaneously or at dif-
fering times in these and other immune complex diseases and
disorders. Even in this scenario, the effector-deficient anti-
bodies described herein may be administered to treat one or
all of the diseases and disorders.

In one embodiment, methods of treating diseases or disor-
ders characterized by antibodies that bind PF4 complexes
comprising administering any one of or any combination of
the effector-deficient anti-CD32a monoclonal antibodies are
encompassed. Antibodies to human platelet factor 4 (PF4)
complexes have been identified in RA, APS, SLE, and HIT.
See, e.g., Ohyama K et al. Immune complexome analysis of
serum and its application in screening for immune complex
antigens in rheumatoid arthritis (2011 June) Clin Chem
57:905; PubMed ID: 21482748; Sikara M P et al. Beta 2
Glycoprotein [ binds platelet factor 4 (PF4): implications for
the pathogenesis of antiphospholipid syndrome (Jan. 21,
2010) Blood 115:713; PubMed ID: 19805618; Satoh T et al.
Heparin-dependent and -independent anti-platelet factor 4
autoantibodies in patients with systemic lupus erythematosus
(2012 September) Rheumatology (Oxford) 51:1721 PubMed
1D: 22718864; and Warkentin T E et al. HITlights: a career
perspective on heparin-induced thrombocytopenia (2012
May) Am J Hematol 87:S92; PubMed ID: 22367928. Thus, in
one embodiment, methods of treating RA, APS, SLE, and
HIT, wherein the RA, APS, SLE, or HIT is characterized by
antibodies that bind PF4 complexes, comprising administer-
ing any one of or any combination of the effector-deficient
anti-CD32a monoclonal antibodies, either alone or in com-
bination with existing therapies, are encompassed.
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In HIT, anti-PF4 IgG antibodies are known to mediate
thrombocytopenia and thrombosis via platelet CD32a, where
therapeutic amounts of heparin (where heparin is bound to
PF4 antigen) play a key role in localizing HIT immune com-
plexes to the platelet surface. See, e.g., Newman P M et al.
Heparin-induced thrombocytopenia: new evidence for the
dynamic binding of purified anti-PF4-heparin antibodies to
platelets and the resultant platelet activation (1 Jul. 2000)
Blood 96:182; PubMed ID: 10891449.

In one embodiment, the immune complex-mediated dis-
ease is an anti-therapeutic-antibody (ATA) response caused
by administration of a non-anti-CD32a antibody or antigen-
binding fragment thereof. The non-anti-CD32a antibody may
be infliximab, adalimumab, the IgG-Fc-fusion therapeutic,
etanercept, certolizumab pegol, golimumab, etanercept,
ustekinumab, bevacizumab, omalizumab, belimumab, or
tabalumab. In these method embodiments, the effector defi-
cient anti-CD32a antibody may be administered prior to,
concurrently with, or following the non-anti-CD32a mono-
clonal antibody.

In one embodiment, the immune complex-mediated dis-
ease or disorder occurs in a patient being treated with a
non-anti-CD32a monoclonal antibody for the treatment of
RA, SLE, HIT, lupus nephritis, or antiphospholipid syndrome
(APS). Methods for treating RA, SLE, HIT, lupus nephritis,
or antiphospholipid syndrome (APS), wherein the patient is
or has received a non-anti-CD32a monoclonal antibody, with
any one of or any combination of the effector-deficient anti-
bodies described herein, alone or in combination with other
therapies, are encompassed.

In other embodiments, the disease or disorder is a hemo-
static disorder. The hemostatic disorder may be selected from
the group consisting of antibody-mediated-thrombocytope-
nia, immune-mediated-thrombocytopenia (ITP), heparin-in-
duced thrombocytopenia (HIT), and heparin-induced throm-
bocytopenia with thrombosis (HITT). Methods for treating a
hemostatic disorder comprising administering any one of or
any combination of the effector-deficient antibodies
described herein is encompassed. Also encompassed are
methods for treating antibody-mediated-thrombocytopenia,
immune-mediated-thrombocytopenia (ITP), heparin-in-
duced thrombocytopenia (HIT), and heparin-induced throm-
bocytopenia with thrombosis (HITT) comprising administer-
ing any one of or any combination of the effector-deficient
antibodies described herein, alone or in combination with
other therapies (e.g., anticoagulants).

Also encompassed are methods for treating hemostatic
disorders caused by treatment of patients with IV-Ig compris-
ing administering any one of or any combination of the effec-
tor-deficient antibodies described herein, where such effec-
tor-deficient antibodies are administered prior to IV-Ig,
concurrently with IV-Ig, or subsequently to IV-Ig treatment.
IV-Ig is useful for treating autoimmune and transplant
patients, but is associated with side effects such as thromb-
ocytopenia and acute arterial and venous thrombosis, anaphy-
lactic shock, transitory renal failure, increased risk of infec-
tion, and leucopenia. Thrombosis has been increasingly
recognized in treatment with IV-Ig (Paran D et al. Venous and
arterial thrombosis following administration of intravenous
immunoglobulins (July (2005) Blood Coagul Fibrinolysis
16:313; PubMed ID: 15970713; Woodruff R K et al. Fatal
thrombotic events during treatment of autoimmune thromb-
ocytopenia with intravenous immunoglobulin in elderly
patients (July 1986) Lancet 2:217; PubMed ID: 2873457).
Serious thromboembolic events observed with IV-Ig use
include deep venous thrombosis (DVT), myocardial infarc-
tion (MI), pulmonary embolism (PE), central retinal vein
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occlusion, and cerebrovascular accidents (CVA). Pollreisz
and colleagues showed that IVIg can induce activation,
aggregation, degranulation, and inflammatory cytokine
release from platelets in a CD32-dependent manner, and this
IVIg-induced CD32-dependent platelet activation was com-
pletely blocked by AT-10, demonstrating that platelet CD32
was both necessary and sufficient for [VIg-induced prothrom-
botic activity (Pollreisz A et al. Intravenous immunoglobulins
induce CD32-mediated platelet aggregation in vitro (Septem-
ber 2008) Br J Dermatol 159:578; PubMed PMID:
18565176).

In still other embodiments, the CD32a-mediated disease or
disorder is an allergic disorder. The allergic disorder may be
selected from the group consisting of ashtma, contact derma-
titis, allergic rhinitis, anaphylaxis, and allergic reactions.
Methods for treating allergic disorder comprising administer-
ing any one of or any combination of the effector-deficient
antibodies described herein are encompassed. Likewise,
methods for treating asthma, contact dermatitis, allergic
rhinitis, anaphylaxis, and allergic reactions comprising
administering any one of or any combination of the effector-
deficient antibodies described herein, alone or in combination
with other therapies, are encompassed.

The presence of both the CD32 IgG receptor and the IgE
receptor (Hasegawa S et al. Functional expression of the high
affinity receptor for IgE (FcepsilonRI) in human platelets and
its’ [sic] intracellular expression in human megakaryocytes
(April 1999) Blood 93:2543; PubMed ID: 10194433) on the
surface of human platelets indicates a vital link between
platelets and allergy, which is particularly evident in pulmo-
nary inflammation, as occurs in asthma and chronic lung
disease (Page C et al. Platelets and allergic inflammation
(July 2014) Clin Exp Allergy 44:901; PubMed ID:
24708345). The link between CD32 and IgE has similarly
been recognized for immature B-lymphocytes, where IV.3 or
AT-10 blockade of CD32 on human tonsillar B-cells was
shown to suppress both inducible IgG and inducible IgE
synthesis (Horejs-Hoeck J et al. Inhibition of immunoglobu-
lin E synthesis through Fc gammaRII (CD32) by a mecha-
nism independent of B-cell receptor co-cross-linking (July
2005) Immunology 115:407; PubMed ID: 15946258). A
mechanistic explanation for CD32/IgE synergy may have
recently been identified in the capacity of IV.3 and AT-10 to
induce an anti-inflammatory state in CD32a-bearing cells
(Ben Mkaddem S et al. Shifting Fc[gamma|RIIA-ITAM from
activation to inhibitory configuration ameliorates arthritis
(September 2014) J Clin Invest 124:3945; PubMed PMID:
25061875). The role of CD32a in allergy may also be linked
to disorders of hemostasis (Potaczek D P. Links between
allergy and cardiovascular or hemostatic system (January
2014) Int J Cardiol 170:278; PubMed ID: 24315352).

In one embodiment, effector-deficient anti-CD32a mono-
clonal antibodies are used to suppress inflammation driven by
reactions in cells displaying CD32a, where such CD32abinds
IgG molecules that are immobilized on a surface, such as that
of platelets or red blood cells. For example, immobilized IgG
binds and activates platelet CD32a, leading to adhesion and
granule secretion, and this process has been shown to be
blocked by IV.3 (Haimovich B et al. The FcgammaRII recep-
tor triggers ppl25FAK phosphorylation in platelets (July
1996) I Biol Chem 271:16332; PubMed ID: 8663117). Addi-
tionally, IgG-coated red blood cells are phagocytosed via
CD32a, and this activity is inhibited by IV.3 (Wiener E et al.
Role of Fc gamma Rlla (CD32) in IgG anti-RhD-mediated
red cell phagocytosis in vitro (September 1996) Transfus
Med 6:235; PubMed ID: 8885153). Additionally, IgG-coated
cells are cleared in a CD32a-dependent manner in patients
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with SLE, where such mechanism is inhibited by IV.3 (Seres
T et al. Correlation of Fc gamma receptor expression of
monocytes with clearance function by macrophages in sys-
temic lupus erythematosus (September 1998) Scand J Immu-
nol 48:307; PubMed ID: 9743218).

In one embodiment, effector-deficient anti-CD32a mono-
clonal antibodies are used to suppress inflammation driven by
reactions in cells displaying CD32a, where such CD32a inter-
acts with IgGG molecules bound to self antigens, such as von
Willebrand Factor (VWF), and localize to the CD32a-positive
cell, leading to inflammatory activation that is known to be
inhibited by IV.3 (for example, see Hoylaerts M F et al.
Recurrent arterial thrombosis linked to autoimmune antibod-
ies enhancing von Willebrand factor binding to platelets and
inducing Fc gamma RII receptor-mediated platelet activation
(April 1998) Blood 91:2810; PubMed ID: 9531591). Thus,
methods for suppressing inflammation comprising adminis-
tering one or more eftector-deficient anti-CD32a monoclonal
antibodies, thereby suppressing inflammation, are encom-
passed.

In one embodiment, effector-deficient anti-CD32a mono-
clonal antibodies are used to suppress inflammation driven by
infectious viruses. For example, IV.3 is known to inhibit
dengue virus infection of human mast cells (Brown M Get al.
A dominant role for FecgammaR1I in antibody-enhanced den-
gue virus infection of human mast cells and associated CCL5
release (December 2006) J Leukoc Biol 80:1242; PubMed
1D: 16940332). Thus, methods for suppressing inflammation
comprising administering one or more effector-deficient anti-
(CD32a monoclonal antibodies, wherein the inflammation is
mediated by infectious viruses, thereby suppressing inflam-
mation, are encompassed.

In one embodiment, effector-deficient anti-CD32a mono-
clonal antibodies are used to suppress inflammation driven by
infectious microbes. For example, staphylococcus aureus can
cause infective endocarditis, inducing platelet-driven CD32a
inflammatory reactivity, which is inhibited by IV.3 (Fitzger-
ald J R et al. Fibronectin-binding proteins of Staphylococcus
aureus, Streptococcus sanguinis, Streptococcus gordonii,
Streptococcus oralis, and Streptococcus pneumoniae mediate
activation of human platelets via fibrinogen and fibronectin
bridges to integrin GPIIb/IIla and IgG binding to the Fcgam-
maRIla receptor (January 2006) Mol Microbiol 59:212;
PubMed ID: 16359330; Arman M et al. Amplification of
bacteria-induced platelet activation is triggered by
Fc[gamma]RIIA, integrin [alpha]llb[beta]3, and platelet fac-
tor 4 (May 2014) Blood 123:3166; PubMed 1D: 24642751).
Similarly, systemic inflammation, sepsis-associated vascular
leakage, platelet activation, and coagulation dysfunction in
gram-positive sepsis can be CD32a-mediated, and these
inflammatory processes are blocked by IV.3 (Sun D et al.
Bacillus anthracis peptidoglycan activates human platelets
through Fc[gamma]RII and complement (July 2013) Blood
122:571; PubMed ID: 23733338). Thus, methods for sup-
pressing inflammation comprising administering one or more
effector-deficient anti-CD32a monoclonal antibodies,
wherein the inflammation is mediated by infectious
microbes, thereby suppressing inflammation, are encom-
passed.

In one embodiment, effector-deficient anti-CD32a mono-
clonal antibodies are administered as treatment to patients
along with or as a replacement for IV-Ig. Intravenous immu-
noglobulin (IgG), or “IV-Ig”, is approved by the FDA for
treatment of various autoimmune or inflammatory diseases,
including Primary Humoral Immunodeficiency, Multifocal
Motor Neuropathy, B-cell Chronic Lymphocytic Leukemia,
Immune Thrombocytopenic Purpura, Kawasaki syndrome,
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Chronic Inflammatory Demyelinating Polyneuropathy. IVIg
is also used to treat neonatal alloimmune thrombocytopenia,
HIV-associated thrombocytopenia, autoimmune neutrope-
nia, autoimmune hemolytic anemia, interstitial pneumonia or
cytomegalovirus infection in bone marrow transplant
patients, bullous pemphigoid, epidermolysis bullosa
acquisita, mucous-membrane pemphigoid, necrotizing fas-
ciitis, pemphigus foliaceus, pemphigus vulgaris, toxic epi-
dermal necrolysis or Stevens-Johnson syndrome, birdshot
retinopathy, Guillain-Barré syndrome, Lambert-Eaton myas-
thenic syndrome, myasthenia gravis, opsoclonus-myoclonus,
polyradiculoneuropathy, refractory dermatomyositis, refrac-
tory polymyositis, relapsing-remitting multiple sclerosis.
Effector-deficient anti-CD32a monoclonal antibodies may be
used to treat these conditions.

In each of the method embodiments, the CD32a-mediated
disease or disorder may be characterized by symptoms of
shock. As used herein, the term “shock™ includes, but is not
limited to, hypersensitivity reactions of type I (i.e., mediated
by IgE), type II (i.e., mediated by immobilized IgG), or type
III (i.e., mediated by IgG complexes), IgG-mediated throm-
botic reactions, and IgG-mediated neurologic reactions.
Methods for alleviating the symptoms of shock comprising
administering any one of or any combination of the effector-
deficient antibodies described herein, alone or in combination
with other therapies, are encompassed.

Exemplary Embodiments

In one embodiment, a method for treating a CD32a-medi-
ated disease or disorder in a human subject comprising
administering a therapeutically effective amount of an effec-
tor-deficient anti-CD32a monoclonal antibody to a human
subject, wherein the antibody comprises at least a portion of
an Fc region and is effector-deficient, thereby treating the
CD32a-mediated disease or disorder is provided.

In one embodiment, the effector-deficient antibody satis-
fies both the 1gG Immune Complex Test and the Immobilized
IgG Test, and has an Fc region that has been altered so as to
reduce or eliminate Fe-binding to CD16, CD32, and/or CD64
type IgG receptors.

In any of the method embodiments described herein, the
CD32a-mediated disease or disorder may be an IgG-medi-
ated hemostatic disorder. The hemostatic disorder may be
thrombosis with or without thrombocytopenia. The hemo-
static disorder may be selected from the group consisting of
IgG-mediated-thrombocytopenia, immune-mediated-throm-
bocytopenia (ITP), antiphospholipid syndrome (APS), anti-
platelet-antibody disorders, heparin-induced thrombocy-
topenia (HIT), heparin-induced thrombocytopenia with
thrombosis (HITT), cancer-induced platelet activation, can-
cer-induced hypercoagulability, platelet-mediated tumor cell
metastasis, and platelet-mediated cancer metastasis.

In any of the method embodiments described herein, the
CD32a-mediated disease or disorder may be characterized by
IgG-Fc-mediated activation of CD32a on platelets, mono-
cytes, neutrophils, basophils, eosinophils, macrophages, den-
dritic cells, synovial cells, mast cells, or dermal microvascu-
lar endothelial cells.

In any of the method embodiments described herein, the
CD32a-mediated disease or disorder may be an IgG-medi-
ated immune, autoimmune, or inflammatory disease or dis-
order. The IgG-mediated immune, autoimmune or inflamma-
tory disorder may be selected from the group consisting of
rheumatoid arthritis (RA), psoriasis, psoriatic arthritis, anky-
losing spondylitis, inflammatory bowel disease, ulcerative
colitis, Crohn’s disease, antiphospholipid syndrome (APS),
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osteoarthritis, systemic lupus erythematous (SLE), lupus
nephritis, IgG antibody-induced anemia, and IgG-mediated
cytopenia.

In any of the method embodiments described herein, the
CD32a-mediated disease or disorder may be an IgG immune
complex-mediated disease or disorder. The IgG immune
complex-mediated disease may be an anti-therapeutic-anti-
body (ATA) response caused by administration of a non-anti-
CD32a monoclonal antibody or fragment thereof. In any of
the method embodiments described herein, the non-anti-
CD32a antibody may be infliximab, adalimumab, certoli-
zumab pegol (antibody-like), golimumab, etanercept (anti-
body-like), ustekinumab, omalizumab, or bevacizumab. In
any ofthe method embodiments described herein, the effector
deficient anti-CD32a antibody may be administered prior to,
concurrently with, or following the non-anti-CD32a mono-
clonal antibody. In any of the method embodiments, alone or
in combination with other methods, the IgG immune com-
plex-mediated disease or disorder may occur in a patient
being treated with a non-anti-CD32a monoclonal antibody
for the treatment of rheumatoid arthritis, systemic lupus
erythematosus (SLE), lupus nephritis, or inflammatory bowel
disease (IBD), including ulcerative colitis and Crohn’s dis-
ease.

In any of the method embodiments, the CD32a-mediated
disease or disorder may be characterized by IgG localized on
the surface of cells circulating in the blood of the human
subject. The circulating cell type may be one or more of the
following: platelets, erythrocytes, monocytes, neutrophils,
basophils, eosinophils, B-lymphocytes, macrophages, mast
cells, leukemia cells, or microbes such as viruses, bacteria,
fungal, or parasitic organisms. In any of the method embodi-
ments, the disease or disorder that is characterized by IgG
localized on the surface of cells may be one or more of the
following: thrombocytopenia, leukopenia, neutropenia, lym-
phopenia, monocytopenia, anemia, hemolytic anemia, or sep-
sis.

In some embodiments, a method for treating antibody-
mediated allergic or hypersensitivity reactions of type I, type
11, or type 111 in a human subject comprising: administering a
therapeutically effective amount of an effector-deficient anti-
CD32a monoclonal antibody to a human subject, wherein the
antibody comprises at least a portion of an Fc region and is
effector-deficient, thereby treating the antibody-mediated
allergic or hypersensitivity reactions of type I, type 11, or type
111, is provided. In this and any of the method embodiments,
or in any combination of method embodiments, the effector-
deficient antibody satisfies both the IgG Immune Complex
Test and the Immobilized I1gG Test, and has an Fc region that
has been altered so as to reduce or eliminate Fc-binding to
CD16, CD32, and/or CD64 type IgG receptors. In any of the
method embodiments, the allergic disorder may be selected
from the group consisting of atopy, contact dermatitis, aller-
gic rhinitis, systemic anaphylaxis, localized anaphylaxis as
exhibited in hay fever, asthma, hives, food allergies, eczema,
allergic reactions to vaccines, allergic reactions to foods,
allergic reactions to insect products, allergic reactions to
drugs, allergic reactions to mold spores, allergic reactions to
animal hair and dander, allergic reactions to latex, blood
transfusion reactions, platelet transfusion reactions, erythro-
cyte transfusion reactions, erythroblastosis fetalis, hemolytic
anemia, serum sickness, infusion reactions, necrotizing vas-
culitis, glomerulonephritis, rtheumatoid arthritis, systemic
lupus erythematosus, and allergic reactions to microorgan-
isms.

In each of the method embodiments described herein,
including any combination of the various embodiments, the
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effector-deficient anti-CD32a antibody may be an effector-
deficient MDE-8, IV.3, or AT-10 monoclonal antibody, and
the monoclonal antibody may be human or humanized.

In each of the method embodiments described herein,
including any combinations of the various method embodi-
ments, the MDE-8, 1V.3, and AT-10 monoclonal antibodies
may comprise the six CDRs for each antibody, as described
herein and in the sequence listing, or may comprise a
sequence having 1 or 2 amino acid differences in the CDRs as
recited herein and in the sequence listing.

An effector deficient anti-CD32a monoclonal antibody
that specifically binds human CD32a, wherein the antibody
comprises at least a portion of an Fc region that is effector
deficient, wherein the effector-deficient antibody comprises
an altered Fc region that reduces or eliminates Fc-binding to
CD16, CD32, and/or CD64 type 1gG receptors, as compared
to a non-altered control, is provided.

Definitions

As used herein, the term “Human CD32A mice,” “CD32A
mice,” “transgenic CD32A mice,” and “transgenic human
CD32A mice” are used interchangeably. CD32A mice have
been previously described (McKenie et al., The role of the
human Fc receptor FcgammaRIIA in the immune clearance
ofplatelets: a transgenic mouse model. J Immunol. 1999 Apr.
1; 162(7):4311-8. PubMed ID: 10201963).

Fc receptors (FcR) are leukocyte surface glycoproteins that
specifically bind the Fc portion of antibodies. The receptors
for IgG, that is FcgammaR, are the most widespread and
diverse, the major types being FecgammaRT (CD64), Fegam-
maRIl (CD32) and FcgammaRIII (CD16). As used herein,
the term “CD32a” is synonymous with the activating type of
FegammaRII and iterations thereof such as iterations using
the Greek gamma symbol in lieu of “gamma”.

The term “antibody” refers to an intact immunoglobulin of
any isotype, or a fragment thereof that can compete with the
intact antibody for specific binding to the target antigen, and
includes, for instance, chimeric, humanized, fully human,
and bispecific antibodies. An intact antibody may comprise at
least two full-length heavy chains and two full-length light
chains, but in some instances can include fewer chains such as
antibodies naturally occurring in camelids, which can com-
prise only heavy chains. Antibodies can be derived solely
from a single source, or can be “chimeric,” that is, different
portions of the antibody can be derived from two different
antibodies. The antigen binding proteins, antibodies, or bind-
ing fragments can be produced in hybridomas, by recombi-
nant DNA techniques, or by enzymatic or chemical cleavage
of intact antibodies. Unless otherwise indicated, the term
“antibody” includes, in addition to antibodies comprising two
full-length heavy chains and two full-length light chains,
derivatives, variants, fragments, and muteins thereof. Fur-
thermore, unless explicitly excluded, antibodies include
monoclonal antibodies, bispecific antibodies, minibodies,
domain antibodies, synthetic antibodies (sometimes referred
to herein as “antibody mimetics”), chimeric antibodies,
humanized antibodies, human antibodies, antibody fusions
(sometimes referred to herein as “antibody conjugates™), and
fragments thereof.

As used herein, “specific binding” refers to antibody bind-
ing to a predetermined antigen. Typically, the antibody binds
with dissociation constant (K ) of 10E7 M or less, and binds
to the predetermined antigen with a K, that is at least two-fold
less than its K, for binding to a non-specific antigen (e.g.,
albumin, casein) other than the predetermined antigen or a
closely-related antigen.
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The term “K . or “K,”, as used herein, is intended to
refer to the association rate of a particular antibody-antigen
interaction, whereas the term “K ;. or “K . as used herein,
is intended to refer to the dissociation rate of a particular
antibody-antigen interaction. The term “K,”, as used herein,
is intended to refer to the dissociation constant, which is
obtained from the ratio of K, to K, (i.e., K/K,) and is
expressed as a molar concentration (M).

As used herein, “isotype” refers to the antibody class (e.g.,
IgM or 1gQ) that is encoded by heavy chain constant region
genes.

As used herein, the terms “inhibits binding” and “blocks
binding” (e.g., referring to inhibition/blocking of binding of
CD32 ligand, e.g., IgG, to CD32) are used interchangeably
and encompass both partial and complete inhibition/block-
ing. The inhibition/blocking of IgG to CD32 preferably
reduces or alters the normal level or type of effector cell
functions that occurs when IgG binds to CD32 without inhi-
bition or blocking. Inhibition and blocking are also intended
to include any measurable decrease in the binding affinity of
IgG to CD32 when in contact with an anti-CD32 antibody as
compared to the ligand not in contact with an anti-CD32
antibody, e.g., the blocking of CD32 ligands to CD32 by at
least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 99%, or 100%.

An “Fc” region comprises two heavy chain fragments com-
prising some or all of the constant “CH” domains of an
antibody. The two heavy chain fragments are held together by
two or more disulfide bonds. The Fc region may comprise all
or part of the hinge region, either with or without additional
amino acids from the heavy chain constant region. In other
words, the Fc region may optionally comprise one or both of
CH2 and CH3.

A “Fab' fragment” comprises one light chain and a portion
of'one heavy chain that contains the VH domain and the CH1
domain and also the region between the CH1 and CH2
domains, such that an interchain disulfide bond can be formed
between the two heavy chains of two Fab' fragments to form
an F(ab")2 molecule.

The term “vector” means any molecule or entity (e.g.,
nucleic acid, plasmid, bacteriophage or virus) used to transfer
protein-coding information into a host cell.

As used herein, the term “thrombocytopenia” refers to a
subnormal number of platelets in the circulating blood (Win-
trobe M M et al. Disorders of Platelets and Hemostasis. In:
Clinical Hematology, Seventh Edition, Lea & Febiger, Phila-
delphia, 1974). This is typically defined as a platelet count
less than the lower limit of normal (usually taken as 150x109/
L). It may also be characterized as a fall in the number of
circulating platelets. For example, a fall in the platelet count
0130-50% or more, following administration of heparin, may
be a symptom of heparin-induced thrombocytopenia, even if
the platelet count does not fall below 150x109/L.. (Warkentin
T E. Clinical presentation of heparin-induced thrombocy-
topenia (October 1998) Semin Hematol 35(4 Suppl 5):9-16;
discussion 35-6; PubMed ID: 9855179). The platelet count is
measured by electronic counting methods, usually as part of
a Complete Blood Count (CBC).

As used herein, the term “thrombosis” refers to the forma-
tion of a blood clot inside a blood vessel (venous or arterial).
Typically the blood clot, or thrombus, would consist of fibrin
and blood cells, including activated platelets in various pro-
portions.

As used herein, the phrase “IgG-mediated thrombosis”
refers to thrombosis where IgG antibody molecules contrib-
ute to the formation of the thrombus.
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The term “patient” and “subject” are used interchangeably
herein to refer to a mammal in need of administration of a
therapy.

The terms “disease” and “disorder” as used herein are
intended also to include medical conditions and syndromes
regarded as abnormal or indicative of impaired function, as
distinguished from normal health by signs, symptoms, or
laboratory-based diagnostics suggesting the presence of
medical diseases or disorders.

“Treating” includes both treating and preventing.

The term “identity” refers to a relationship between the
sequences of two or more polypeptide molecules or two or
more nucleic acid molecules, as determined by aligning and
comparing the sequences. “Percent identity” means the per-
cent of identical residues between the amino acids or nucle-
otides in the compared molecules and is calculated based on
the size of the smallest of the molecules being compared. For
these calculations, gaps in alignments (if any) are preferably
addressed by a particular mathematical model or computer
program (i.e., an “algorithm”). Methods that can be used to
calculate the identity of the aligned nucleic acids or polypep-
tides include those described in Computational Molecular
Biology, (Lesk, A. M., ed.), 1988, New York: Oxford Univer-
sity Press; Biocomputing Informatics and Genome Projects,
(Smith, D. W, ed.), 1993, New York: Academic Press; Com-
puter Analysis of Sequence Data, Part I, (Griffin, A. M., and
Griffin, H. G, eds.), 1994, New Jersey: Humana Press; von
Heinje, G., 1987, Sequence Analysis in Molecular Biology,
New York: Academic Press; Sequence Analysis Primer,
(Gribskov, M. and Devereux, J., eds.), 1991, New York: M.
Stockton Press; and Carillo et al., 1988, SIAM J. Applied
Math. 48:1073.

The term “chimeric antibody” is intended to refer to anti-
bodies in which the variable region sequences are derived
from one species and the constant region sequences from
another. For example, an antibody in which the heavy and
light chain variable region sequences are derived from a
mouse antibody and the constant region sequences are
derived from a human antibody, might be described as a
mouse-human chimeric antibody.

The term “humanized antibody” is intended to refer to
antibodies in which CDR sequences derived from antibodies
from various mammalian species, such as a mouse, have been
grafted onto human germline variable framework sequences.
Additional framework region amino acid modifications may
be introduced.

The term “effector function” refers to the functional ability
of the Fc or constant region of the antibody to bind proteins
and/or cells of the immune system and platelets. Typical
effector functions of IgG antibodies include the ability to bind
complement protein (e.g., Clq), the neonatal receptor
(FcRn), or an 1gG Fc receptor (FecgammaR) (e.g., Fegamma
RI, Fegamma RII, Fcgamma RIII). The effects of being able
to bind one or more of the foregoing molecules include, but
are not limited to antigen-dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC),
phagocytosis, opsonization, and effector cell modulation.
Abrogation or decrease of effector function may refer to
abrogation or decrease in one or more of the biochemical or
cellular activities induced at least in part by binding of Fc to
its receptors or to a complement protein or an effector cell,
while maintaining the antigen-binding activity of the variable
region of the antibody.

As used herein, an “effector-deficient” antibody is defined
as an antibody having an Fc region that has been altered so as
to reduce or eliminate Fc-binding to CD16, CD32, and/or
CD64 type IgG receptors.
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The term “antigen” refers to any natural or synthetic sub-
stance that could bind specifically to an antibody.

The term “specific binding” refers to antibody binding to a
predetermined antigen. Typically, the antibody binds with an
affinity equilibrium constant stronger than 10~7 M, and binds
to the predetermined antigen with at least two-fold stronger
binding to a non-specific antigen.

As used herein, the term “immune complex” refers to the
molecular structures consisting of one or more antibody mol-
ecules specifically bound to one or more antigen molecules.

The term “epitope” refers to a protein determinant capable
of specific binding to, or specific binding by, an antibody.

EXAMPLES
Example 1
Effector-Deficient Monoclonal Antibody MDE-8

The inventors have demonstrated that native human
MDE-8 mAbs cause infusion reactions in mice transgenic for
its human antigen (i.e., CD32A). These mice are referred to
herein as “CD32A mice.” Observable signs of [gG-mediated
infusion reactions in CD32A mice include hypothermia,
rapid or shallow breathing, hunched posture, and locomotor
dysfunction; observable signs of severe infusion reactions
also include immobilization, convulsion, apparent loss of
consciousness, and (infrequently) fatality.

Altering the effector domain (i.e., Fc domain) of the
MDE-8 mAb to an effector-deficient IgG format eliminated
infusion reactions when administered to CD32A mice.

Moreover, when effector-deficient MDE-8 mAbs were
provided prior to challenge with immune complexes, the
effector-deficient MDE-8 mAbs prevented immune complex-
induced infusion reactions, as well as thrombocytopenia,
thrombosis, and shock.

Thus, effector-deficient monoclonal MDE-8 antibodies
may be used in place of native MDE-8 antibodies to treat any
CD32a mediated disease or disorder. The reasons include that
the effector-deficient MDE-8 antibodies will not elicit infu-
sion reactions as observed with native MDE-8. Moreover,
when administered prophylactically or therapeutically, effec-
tor-deficient MDE-8 antibodies may be used to treat and/or
prevent any disease or disorder caused by IgG immune com-
plexes.

Materials and Methods

Effector-competent and effector-deficient variants of
MDE-8 mAbs (in both IgG1 and 1gG2 formats) were injected
intravenously (tail vein) into CD32A mice. Two effector-
deficient variants of MDE-8 were assessed in this study;
E269R and N297A. CD32A mice have been previously
described in McKenie et al., 1999 Apr. 1, J Immunol, 162(7):
4311-8, PubMed ID: 10201963. After MDE-8 mAb injection
(100 micrograms), animals were monitored for 30 minutes
for assessment of infusion reactions. Blood was collected
retro-orbitally before and 30 minutes after MDE-8 mAb
injection. Platelets were counted by flow cytometry from this
collected blood. After 3 hours, some animals were injected
intravenously with a 200 micro-liter bolus of immune com-
plexes (ICs) consisting of 150 micro-grams mouse mono-
clonal anti-human CD40L antibody (clone M90, a murine
1gG1 mAb purified by Protein G chromatography from ATCC
HB-12055 hybridoma-conditioned media) in balanced sto-
ichiometry with its antigen, CD40L trimer (50 micro-grams)
(Peprotech #310-02). Thirty minutes after IC injection, plate-
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lets were again counted. Animals were then immediately
sacrificed (i.e., 30 minutes after M90+CDA40L IC injection),
and lungs were harvested, processed for H&E staining, and
examined microscopically for the presence of thrombi.

Results

Effector-Deficient MDE-8 mAbs do not Cause
Infusion Reactions that are Seen with Effector
Competent MDE-8 Antibodies

When injected intravenously into CD32A mice, native
human MDE-8 IgG1 antibodies cause infusion reactions
characterized by hypothermia, as measured by core body
temperature (FIG. 1; diamonds). Mice injected with native
human MDE-8 IgG1 antibodies also showed signs of severe
infusion reactions, including apparent loss of consciousness
(data not shown). Mouse IgG receptors have reduced binding
to human IgG2 (See, e.g., Overdijk et al., Crosstalk between
human IgG isotypes and murine effector cells, 2012 Oct. 1, J
Immunol, 189(7): 3430-8, PubMed ID: 22956577), which is
consistent with the failure of native anti-human MDE-8 anti-
bodies in IgG2 format to cause hypothermia (FIG. 1;
squares). Importantly, two representative eftector-deficient
human MDE-8 mAbs (in both IgG1 and IgG2 formats) (anti-
bodies comprising the amino acids of SEQ ID NO: 69
together with SEQ ID NO: 65 or SEQ ID NO: 67) did not
cause infusion reactions as observed with native human
MDE-8 IgG1 antibodies (FIG. 1; triangles and X’s). The
failure of the IgG2 effector-competent mAb to cause hypo-
thermia (as may be expected), even though it did cause throm-
bocytopenia, may be surprising to one skilled in the art. This
surprising finding also makes clear that lack of hyperthermia
does not indicate that the mAb is safe. The effector-deficient
results provided in this experiment demonstrate that the effec-
tor-deficient antibodies described herein solve the previously
unrecognized safety problem of thrombocytopenia.

It was next observed that severe thrombocytopenia fol-
lowed intravenous injection of native human MDE-8 mAbs
into CD32A transgenic mice in both IgG1 and IgG2 formats
(FIG. 2, columns 1 and 2). In contrast, two representative
effector-deficient human MDE-8 mAbs (antibodies compris-
ing the amino acids of SEQ ID NO: 69 together with SEQ ID
NO: 65 or SEQ ID NO: 67) did not induce thrombocytopenia
when injected into CD32A mice (FIG. 2, columns 3 and 4).
The small reduction in circulating platelet numbers seen in
FIG. 2 columns 3 and 4 is typical and caused by repeated
blood draws.

These experiments demonstrate that thrombocytopenia is
independent of hypothermia, and that a drop in platelet count
is a more sensitive indicator of infusion reaction than tem-
perature drop, since MDE-8 in IgG2 format failed to cause
hypothermia (see FIG. 1) yet largely depleted circulating
platelets (FIG. 2).

Flow cytometric analysis of whole blood from CD32A
transgenic mice before (FIG. 3A) and after (FIG. 3B) intra-
venous injection of native human MDE-8 mAbs in human
IgG1 format showed severe platelet depletion (FIG. 3B).
(Fluorescent beads [1 micro-meter| were included to control
for blood volume [gate P5]; the upper right quadrant includes
red blood cells and white blood cells [gate P4].)

Importantly, when native human MDE-8 IgG1 mAbs were
made effector-deficient (antibodies comprising the amino
acids of SEQ ID NO: 69 together with SEQ ID NO: 65), they
failed to clear circulating platelets (compare FIG. 3C [before
injection]| and FIG. 3D [after injection of effector-deficient
human MDE-8 mAbs] with FIG. 3A and FIG. 3B). Thus,
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effector-deficient human MDE-8 mAbs did not deplete plate-
lets (FIG. 3D). Further, mice injected with eftector-deficient
human MDE-8 mAbs (IgGl E269R and IgG2 N297A)
showed no observable signs of infusion reactions (data not
shown).

Similar results were obtained when using a different IgG
subclass of effector-deficient human MDE-8 mAbs: MDE-8
(antibodies comprising the amino acids of SEQ ID NO: 69
together with SEQ ID NO: 67). Flow cytometric analysis of
whole blood from CD32A transgenic mice before (FIG. 3E)
and after (FIG. 3F) intravenous injection of native MDE-8
mAb IgG2 showed severe platelet depletion (FIG. 3F).
Importantly, when the native MDE-8 mAb IgGG2 was made
effector-deficient, it no longer cleared circulating platelets
(compare FIG. 3G [before injection] and FIG. 3H [after injec-
tion of effector-deficient human MDE-8 mAb] with FIG. 3E
and FIG. 3F).

These results show that two representative 1gG subclass
types of effector-deficient human MDE-8 mAbs did not
deplete circulating platelets (FIGS. 3D and 3H).

The results shown in FIG. 3 demonstrate that the effector
domain of native MDE-8 IgG mAbs causes infusion reactions
in CD32A mice, and such infusion reactions are eliminated
by altering the IgG-Fc domain. Thus, ablating an anti-CD32a
antibody’s capacity to efficiently bind IgG Fc-receptors is
beneficial in eliminating infusion reactions. Rendering
MDE-8 mAbs effector-deficient also abrogates the antibod-
ies’ capacity to clear platelets from circulating blood, indi-
cating such clearance is also mediated by the IgG-Fc domain,
which, in the case of MDE-8, is immobilized on the surface of
CD32A transgenic mouse platelets.

Effector-Deficient MDE-8 mAbs Protect CD32A
Transgenic Mice from Immune Complex-Induced
Thrombocytopenia

It was next determined that effector-deficient MDE-8
mAbs protect CD32A transgenic mice against immune com-
plex-induced thrombocytopenia (drop in circulating platelet
count). Three hours prior to immune complex challenge,
CD32A mice were treated with vehicle phosphate buffered
saline (PBS) or one of two representative effector-deficient
human MDE-8 mAbs (100 micro-grams): 1) effector-defi-
cient MDE-8 IgG1 E269R (SEQ ID NO: 69 together with
SEQ ID NO: 65); or 2) effector-deficient MDE-8 IgG2
N297A (SEQ ID NO: 69 together with SEQ ID NO: 67). Mice
were challenged with immune complex (M90+CD40L, total
01200 micro-grams), and whole blood was collected 30 min-
utes after challenge. FIG. 4 shows the results. In mice pre-
treated with vehicle control, IC injection resulted in the mice
having signs of severe shock (data not shown) and severe
platelet depletion. Animals pre-treated with effector-deficient
MDE-8 1gG1 E269R did not exhibit signs of IC-dependent
infusion reactions or shock (data not shown). Moreover, as
shown in FIG. 4B, mice pre-treated with effector-deficient
MDE-8 1gG1 E269R did not experience IC-induced thromb-
ocytopenia (i.e., platelets were not cleared by ICs; FIG. 4B).
Due to infusion reactions, it was not possible to similarly test
effector competent MDE-8 mAbs in native 1gG1 format.

Similar results were obtained with effector-deficient
MDE-8 IgG2 N297A. FIG. 4C shows the platelet count from
a CD32A mouse pre-treated with vehicle control and follow-
ing IC injection. FIG. 4D shows the post-IC injection platelet
count of a CD32A mouse pre-treated with effector-deficient
MDE-8 1g(G2 N297. The data in FIG. 4 are representative of
all animals tested.
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FIG. 5 shows a bar graph depicting the drop in circulating
platelets following IC injection into CD32A mice pre-treated
with either vehicle or effector-deficient MDE-8 antibodies
(pre-treatment at three hours prior to IC challenge). CD32A
mice pre-treated with vehicle (PBS) became severely throm-
bocytopenic (FIGS. 5A and 5B, bars #1), whereas mice pre-
treated with effector-deficient MDE-8 IgG1 E269R (FIG.
5A) or effector-deficient MDE-8 1gG2 N297A (FIG. 5B)
were largely protected from loss of circulating platelets. Ani-
mal #1 in FIG. 5A and FIG. 5B was pre-treated with vehicle
(PBS). M90+CD40L immune complexes were injected intra-
venously into all animals. Thirty minutes later, blood was
drawn and platelets were counted. FIG. 5A shows that effec-
tor-deficient MDE-8 IgGl E269R protects mice from
immune complex-mediated thrombocytopenia (See FIG. 5A,
columns 2, 3, and 4). FIG. 5B shows that effector-deficient
MDE-8 Ig(G2 N297A protects mice from immune complex-
mediated thrombocytopenia (See FIG. 5B, columns 2 and 3).
Thus, two representative IgG subclasses (IgG1, 1gG2) of
effector-deficient MDE-8 mAbs protected CD32A transgenic
mice from immune complex-induced thrombocytopenia.

Effector-Deficient MDE-8 Antibodies Protect
CD32A Transgenic Mice from Pulmonary
Thrombosis Caused by Immune Complexes (ICs)

CD32A transgenic mice were pre-treated with vehicle
(PBS) or with 100 micro-grams of representative effector-
deficient MDE-8 mAbs (SEQ ID NO: 69 together with SEQ
ID NO: 65 or SEQ ID NO: 67). Three hours later, mice were
challenged with M90+CD40L ICs (200 micro-grams). After
thirty minutes, mice were sacrificed and their lungs harvested
for analysis. FIG. 6A shows an H&E stained lung section
from a mouse pre-treated with vehicle three hours prior to IC
challenge. Pervasive occlusive pulmonary thrombi (*) were
observed in mice pre-treated with vehicle. Surprisingly, mice
pre-treated with effector-deficient MDE-8 IgG1l E269R
exhibited normal lung anatomy without evidence of throm-
bosis (FIG. 6B). Effector-deficient MDE-8 IgG1 E269R pre-
treated mice also showed normal blood vessels having abun-
dant red blood cells in normal (healthy) alveolar tissue (FIG.
6B), as compared to vehicle treated mice (FIG. 6A), whose
blood vessels were abnormal, with fewer numbers of red
blood cells observed in blood vessels, as well as evidence of
inflamed alveolar tissue.

Pulmonary thrombi per field were counted by H&E
microscopy of mouse lungs following IC challenge. Four
mice were injected with M90+CD40L IC. Animal #1 (FIG.
6C, bar 1; vehicle control) showed pervasive pulmonary
thrombosis (mean of 20 per field), whereas animals #2-4
(FIG. 6C, bars 2-4) that were pre-treated with effector-defi-
cient MDE-8 IgGG1 E269R prior to IC challenge exhibited
normal lung anatomy without evidence of thrombosis. The
findings depicted in FIG. 6C also demonstrate that effector-
deficient MDE-8 IgG1 E269R did not cause pulmonary
thrombosis.

Similar results were obtained with effector-deficient
MDE-8 IgG2 N297A. FIG. 7A shows an H&E stained lung
section from a mouse which had been pre-treated with vehicle
three hours prior to IC challenge. In FIG. 7A, pervasive
occlusive pulmonary thrombi (*) were observed. In contrast,
mice pre-treated with effector-deficient MDE-8 IgG2 N297A
exhibited normal lung anatomy without evidence of throm-
bosis (FIG. 7B). Effector-deficient MDE-8 Ig(G2 N297A pre-
treated mice also showed normal blood vessels having abun-
dant red blood cells amidst healthy alveolar tissue (FIG. 7B),
in contrast to the abnormal (with fewer numbers of red blood
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cells observed in blood vessels, as well as evidence of
inflamed) alveolar tissue of the vehicle (PBS) pre-treated
mice (FIG. 7A). The data in FIGS. 6 and 7 is representative of
all animals tested.

FIG. 7C shows H&E microscopy of mouse lungs after IC
challenge in mice pre-treated with vehicle or effector-defi-
cient MDE-8 antibodies. Pulmonary thrombi per field were
counted. Four mice were injected with M90+CD40L IC. Ani-
mal#1 (FIG. 7C, bar 1; control) showed pervasive pulmonary
thrombosis (mean of 18.6 per field), whereas animals #2 and
#3 (FIG. 7C, bars 2 and 3), which were pre-treated with
effector-deficient MDE-8 1gG2 N297A, exhibited normal
lung anatomy without evidence of thrombosis. These findings
also demonstrate that MDE-8 1gGG2 N297A mAb by itself did
not cause pulmonary thrombosis.

Taken together, the data presented in Example 1 demon-
strate: (1) that native (effector competent) anti-CD32a IgG
mAbs cause infusions reactions and induce thrombocytope-
nia; (2) that altering MDE-8 mAbs to an effector-deficient
format renders the IgG of choice infusion-safe and hemostati-
cally safe (in that it does not induce thrombocytopenia); (3)
that native MDE-8 mAb mediated infusion reactions and
thrombocytopenia are dependent on the function of the IgG-
Fc (effector) domain; (4) that effector-deficient MDE-8 IgG1
and IgG2 mAbs protect CD32A transgenic mice from
immune complex-mediated infusion reactions, shock, throm-
bocytopenia, and thrombosis; and (5) that the CD32A IgG
receptor largely controls infusion reactions, thrombocytope-
nia, thrombosis, and shock as mediated by ICs in these immu-
nologically intact (e.g., having the full array of murine IgG
receptors) CD32A transgenic mice. The dominant effect of
the human CD32A transgene product over all other mouse
IgG-Fc receptors (murine FcgammaRT, FegammaR]IIb, and
FegammaRIID), in response to thrombotic ICs, is an unex-
pected finding.

Example 2

Effector-Deficient Chimeric Monoclonal Antibody
AT-10

The inventors have further demonstrated that native chi-
meric (mouse-human) AT-10 IgG mAbs cause infusion reac-
tions in mice transgenic for CD32a (e.g., in CD32A mice).
Observable signs of IgG-mediated infusion reactions in
CD32A mice include hypothermia, rapid or shallow breath-
ing, hunched posture, and locomotor dysfunction. Observ-
able signs of severe infusion reactions include immobiliza-
tion, convulsion, and (infrequently) fatality.

We show herein that altering the effector domain (i.e., the
Fc domain) of the native AT-10 mAbs to an eftector-deficient
IgG format eliminated infusion reactions when administered
to CD32A mice.

Moreover, when effector-deficient AT-10 mAbs were
administered prior to challenge with immune complexes, the
effector-deficient AT-10 mAbs prevented immune complex-
induced infusion reactions, as well as thrombocytopenia and
thrombotic shock.

Thus, effector-deficient monoclonal AT-10 antibodies may
beused in place of native AT-10 antibodies to treat any CD32a
mediated disease or disorder. The reasons include that the
effector-deficient AT-10 antibodies will not elicit infusion
reactions as observed with native AT-10 mAbs. Moreover,
effector-deficient AT-10 mAbs may be used to treat and/or
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prevent any disease or disorder caused by immune complexes
when given prophylactically or therapeutically.

Materials and Methods

Effector-competent and effector-deficient variants of
AT-10 mAbs (IgGl and IgG1l E269R, respectively) were
injected intravenously (tail vein) into CD32A mice (as in
Example 1). After injection (100 micro-grams), mice were
monitored for 30 minutes for assessment of infusion reac-
tions. Blood was collected (retro-orbitally) before, and 30
minutes after AT-10 mAb injection. Platelets were counted by
flow cytometry from this collected blood. After 3 hours, some
animals were injected with immune complexes (ICs, as in
Example 1, 200 micro-grams), and blood was collected 30
minutes after injection. Platelets were again counted from this
collected blood. Lungs were harvested 30 minutes after injec-
tion of ICs, processed for H&E staining, and examined micro-
scopically for the presence of thrombi.

Results

Effector-Deficient AT-10 mAbs do not Cause
Infusion Reactions that are Seen with Effector
Competent AT-10 Antibodies

When injected intravenously into CD32A transgenic mice,
native chimeric AT-10 mAbs cause infusion reactions char-
acterized by thrombocytopenia (FIG. 8, bar 1). Notably, these
mice did not have hypothermia data not shown). Thrombocy-
topenia was ablated when effector-deficient chimeric AT-10
human IgG1 E269R mAbs were administered in lieu of native
chimeric AT-10 human IgG1 (FIG. 8, column 2) (antibodies
comprising the amino acids of SEQ ID NO: 22 together with
SEQ ID NO: 16).

Flow cytometric analysis of whole blood from CD32A
mice before (FIG. 9A) and after (FIG. 9B) intravenous injec-
tion of native chimeric AT-10 human IgG1 showed severe
platelet depletion (FIG. 9B) despite having no hypothermia.
Importantly, when native chimeric AT-10 human 1gG1 mAbs
were made effector-deficient, they no longer reduced circu-
lating platelets (compare FIG. 9C [before injection] and FIG.
9D [after injection of effector-deficient chimeric AT-10
human IgG1 mAbs]). Thus, effector-deficient AT-10 mAbs
did not deplete platelets. This data demonstrates that the IgG
effector domain is responsible for AT-10 IgG-induced throm-
bocytopenia.

These experiments demonstrate that thrombocytopenia (a
drop in platelet count) is independent of and, in this case, a
more sensitive indicator of infusion reaction than temperature
drop, since native AT-10 mAbs in IgG1 format failed to cause
hypothermia (data not shown) but caused severe platelet
depletion. Importantly, effector-deficient AT-10 mAbs did not
deplete platelets (i.e., cause thrombocytopenia) like their
effector competent counterparts.

The results shown in FIGS. 8 and 9 demonstrate that the
effector region of native AT-10 IgG mAbs mediates infusion
reactions in CD32 A mice, and that such infusion reactions are
eliminated by altering the IgG-Fc region. Thus, ablating an
anti-CD32a antibody’s capacity to efficiently bind IgG Fec-
receptors is beneficial in eliminating infusion reactions.

Effector-Deficient AT-10 mAbs Protect CD32A
Transgenic Mice from Immune Complex-Induced
Thrombocytopenia

Next it was demonstrated that effector-deficient AT-10
mAbs were capable of protecting CD32A transgenic mice
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from immune complex-induced thrombocytopenia (FIG. 10).
Three hours prior to immune complex challenge, mice were
treated with PBS vehicle or an effector-deficient AT-10 mAb
(IgG1 E269R,) (antibodies comprising the amino acid of SEQ
ID NO: 22 together with SEQ ID NO: 16). Immune com-
plexes (M90+CDA40L (as in Example 1); 200 micro-grams)
were injected intravenously and whole blood was collected
30 minutes after IC challenge. Platelets were counted from
this collected blood.

FIG. 10 shows a bar graph depicting the % drop in circu-
lating platelets following IC injection into CD32A mice pre-
treated with either vehicle or effector-deficient chimeric
AT-10 human IgG1l E269R antibodies. CD32A mice pre-
treated with vehicle (PBS) became severely thrombocy-
topenic (FIG. 10 column 1), whereas mice pre-treated with
effector-deficient chimeric AT-10 human IgG1 E269R (FIG.
10 columns 2 and 3) were largely protected from loss of
circulating platelets. Effector-deficient chimeric AT-10
human IgG1 E269R protected mice from immune complex-
induced thrombocytopenia (FIG. 10, columns 2 and 3 com-
pared to control, column 1.

FIG. 11 shows a flow cytometric analysis of circulating
platelets following IC injection into CD32A mice pre-treated
with either vehicle or effector-deficient AT-10 antibodies as
described above. FIG. 11 A shows platelets depletion from a
mouse that received vehicle. FIG. 11B shows that animals
pre-treated with effector-deficient chimeric AT-10 human
IgGl E269R did not experience thrombocytopenia in
response to IC injection. Furthermore, effector-deficient chi-
meric AT-10 human IgG1 E269R pre-treatment completely
protected CD32A mice from observable signs of IC-mediated
infusion reaction. Chimeric AT-10 human IgGl E269R-
treated animals appeared unaffected by IC injection, whereas
vehicle treated controls showed signs of imparied mobility,
hunched posture, and shallow and rapid breathing, consistent
with shock.

Effector-Deficient AT-10 Antibodies Protect CD32A
Transgenic Mice from Pulmonary Thrombosis
Caused by Immune Complexes (ICs)

Mice were pre-treated with vehicle (PBS) or with effector-
deficient AT-10 mAbs (antibodies comprising the amino
acids of SEQ ID NO: 22 together with SEQID NO: 16). Three
hours later, mice were challenged with M90+CD40L IC (as in
Example 1; 200 micro-grams). After thirty minutes, mice
were sacrificed and their lungs removed for analysis. FIG.
12A shows a representative H&E stained lung section from a
mouse pre-treated with vehicle 3 hours prior to IC challenge.
Pervasive occlusive pulmonary thrombi (*) were detected in
vehicle-treated mice. Surprisingly, mice pre-treated with
effector-deficient AT-10 IgG1 E269R exhibited normal lung
anatomy without evidence of thrombosis (FIG. 12B), despite
the fact that these mice are immunologically intact (i.e., have
the full repertoire of normal mouse 1gG receptors, in addition
to human CD32A). Effector-deficient AT-10 IgG1 E269R
pre-treated mice also showed normal blood vessels having
abundant red blood cells amidst healthy alveolar tissue (FIG.
12B), as compared to control (vehicle-treated) mice (FIG.
12A). These results demonstrate that effector-deficient chi-
meric AT-10 human IgG1 E269R mAbs are capable of pro-
tecting against IC-induced thrombosis.

FIG. 12C shows H&E microscopy of mouse lungs follow-
ing IC injection into CD32A mice pre-treated with either
vehicle (control) or effector-deficient chimeric AT-10 anti-
bodies as described above (See FIGS. 12A and 12B). Animal
#1 (FIG. 12C, bar 1; control) showed pervasive pulmonary



US 9,382,321 B2

61
thrombosis (mean of 17.6 clots per field), whereas animals #2
and #3 (FI1G. 12C, bars 2 and 3), which were pre-treated with
effector-deficient chimeric AT-10 human IgG1 E269R, exhib-
ited normal lung anatomy without evidence of thrombosis.

Humanized Effector-Deficient AT-10 mAbs

An effector-deficient humanized AT-10 IgG1 E269R mAb
(“hAT-10") was made and tested (antibodies comprising the
amino acids of SEQ ID NO: 24 together with SEQ ID NO:
20). In FIG. 13A, hAT-10 E269R mAb (116 pg) was admin-
istered to CD32 A mice and core body temperature of the mice
was assessed over time. hAT-10 E269R mAbs did not cause
hypothermia (an indicator of infusion reaction). In addition to
not exhibiting hypothermia, these animals exhibited no other
signs ofhaving infusion reactions. FIG. 13B shows the results
of a study where platelets from CD32A mice were assessed
before and after hAT-10 E269R injection (116 micro-grams).
hAT-10 had no effect on circulating platelet counts (compare
FIG. 13B with FIG. 13C).

Furthermore, hAT-10 E269R completely protects mice
against M90+CD40L. IC-induced thrombocytopenia. Control
animals that received vehicle (PBS control) pre-treatment
became unconscious within 10 minutes of receiving IC chal-
lenge and subsequently showed signs consistent with severe
shock. In contrast, mice pre-treated with hAT-10 E269R
appeared unaffected by IC challenge (data not shown). hAT-
10 E269R pre-treatment also protected CD32A mice from
thrombocytopenia (compare FIG. 13D showing platelet loss
in vehicle-treated group and FIG. 13E showing no platelet
loss in hAT-10 E269R-treated animals).

Finally, humanized effector-deficient AT-10 IgG1 E269R
(hAT-10 E269R) antibody protected mice from immune com-
plex-induced pulmonary thrombosis. As observed with AT-10
chimeric antibody (FIG. 12), pre-treatment with hAT-10
E269R completely prevented pulmonary thrombosis in
CD32A mice after IC challenge (M90+CD40L; as in
Example 1; 200 micro-grams). FIG. 13F shows significant
thrombi in lungs of control treated mice and nearly complete
lack of thrombi in hAT-10 E269R treated mice. See, also,
FIG. 13G showing pervasive pulmonary thrombosis (mean of
24.4 clots per field) in control treated mice as compared to a
lack of thrombi in mice pre-treated with hAT-10 E269R (FIG.
13H).

Taken together, the data presented in Example 2 demon-
strate: (1) that native (effector competent) anti-CD32a IgG
mAb AT-10 causes infusions reactions characterized by
thrombocytopenia; (2) that altering AT-10 mAb to be effector-
deficient renders AT-10 infusion-safe and hemostatically safe
(in that it does not induce thrombocytopenia); (3) that native
(effector competent) AT-10 antibody mediated infusion reac-
tions and thrombocytopenia are dependent on the function of
the IgG-Fc (effector) domain; (4) that effector-deficient
AT-10 IgG mAb protects CD32A transgenic mice from
immune complex-mediated infusion reactions, thrombocy-
topenia, and thrombosis; and (5) that the CD32a IgG receptor
largely controls infusion reactions, thrombocytopenia,
thrombosis, and shock, as mediated by ICs in these immuno-
logically intact CD32A mice.

Example 3

Effector-Deficient Chimeric Monoclonal Antibody
w3

The inventors have further demonstrated that native chi-
meric [V.3 mAbs cause infusion reactions in mice transgenic
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for its antigen (i.e., CD32A mice). Observable signs of IgG-
mediated infusion reactions in CD32A mice include hypoth-
ermia, rapid or shallow breathing, hunched posture, and loco-
motor dysfunction; observable signs of severe infusion
reactions also include impaired mobility, convulsion, appar-
ent loss of consciousness, and (infrequently) fatality.

We show herein that altering the effector domain (i.e., Fc
domain) of chimeric IV.3 to an effector-deficient 1gG format
eliminated infusion reactions following administration to
CD32A mice.

Moreover, when effector-deficient IV.3 was provided to
subjects prior to challenge with immune complexes, the
effector-deficient IV.3 mAbs prevented immune complex-
induced infusion reactions, as well as thrombocytopenia and
thrombotic shock.

Thus, effector-deficient monoclonal I1V.3 antibodies
should be used in place of native IV.3 antibodies to treat any
CD32a mediated disease or disorder. The reasons include that
the effector-deficient IV.3 antibodies will not elicit infusion
reactions as observed with native IV.3 mAbs. Moreover,
effector-deficient IV.3 may be used to treat and/or prevent any
disease or disorder caused by immune complexes when given
prophylactically or therapeutically.

Materials and Methods

In this set of experiments, effector-competent and effector-
deficient variants of chimeric IV.3 mAbs (human IgG2 and
human IgG2 N297A, respectively) were injected intrave-
nously (tail vein) into human CD32A transgenic mice (as in
Example 1). After injection (100 micro-grams), animals were
monitored for 30 minutes for assessment of infusion reac-
tions. Blood was collected (retro-orbitally) before and 30
minutes after [V.3 mAb injection. Platelets were then counted
by flow cytometry from this collected blood. After 3 hours,
some animals were injected with immune complexes (ICs, as
in Example 1, 200 micro-grams), after which (30 minutes)
platelets were again counted. Lungs were then harvested,
processed for H&E staining, and examined microscopically
for the presence of thrombi.

Results

Effector-Deficient IV.3 mAbs do not Cause Infusion
Reactions that are Seen with Effector Competent
IV.3 Antibodies

We discovered that, when injected intravenously into
CD32A transgenic mice, effector competent chimeric IV.3
human IgG2 mAb causes infusion reactions in a dose-depen-
dent manner, as characterized by thrombocytopenia without
hypothermia. FIG. 14 shows that, following intravenous
injection of chimeric IV.3 in native human IgG2 format,
CD32A transgenic mice became severely thrombocytopenic
(FIG. 14A, solid bars). This thrombocytopenia was largely
ablated when effector-deficient chimeric IV.3 human IgG2
N297A mAb (antibodies comprising the amino acids of SEQ
ID NO: 51 together with SEQ ID NO: 45) was administered
in lieu of native chimeric IV.3 (FIG. 14A, open bars). FIG.
14B shows that neither native chimeric IV.3 human IgG2 nor
its effector-deficient (IV.3 1gG2 N297A) format caused hypo-
thermia in CD32A transgenic mice.

These results again suggest that a drop in platelet count is
independent of and, in this case, more sensitive than core
body temperature drop as indicator for infusion reaction to
antibodies that interact with platelets in vivo.
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Flow cytometric analysis of whole blood from CD32A
transgenic mice before (FIG. 15A) and after (FI1G. 15B) intra-
venous injection of native chimeric IV.3 in human IgG2
showed severe platelet depletion (FIG. 15B). Importantly,
when native chimeric IV.3 IgG2 mAb was made effector-
deficient, it no longer reduced circulating platelets (compare
FIG. 15C [before injection] and FIG. 15D [after injection of
effector-deficient chimeric IV.3 mAbs]). Thus, effector-defi-
cient IV.3 mAbs did not deplete platelets (FIG. 15D). This
data demonstrates that the IgG effector domain is responsible
for the IV.3 IgG-induced thrombocytopenia.

The results shown in FIGS. 14 and 15 demonstrate that the
effector domain of native IV.3 IgG mAbs cause infusion
reactions in CD32A mice, and such infusion reactions are
eliminated by altering the IgG-Fc domain. Thus, ablating an
anti-CD32a antibody’s capacity to efficiently bind IgG Fec-
receptors is beneficial in eliminating infusion reactions. Ren-
dering IV.3 mAbs effector-deficient also abrogates the anti-
bodies’ capacity to clear platelets from circulating blood,
indicating such clearance is also mediated by the IgG-Fc
domain, which, in the case of IV.3, is immobilized on the
surface of CD32A transgenic mouse platelets.

Effector-Deficient IV.3 mAbs Protect CD32A
Transgenic Mice from Immune Complex-Induced
Thrombocytopenia

It was next determined that effector-deficient chimeric IV.3
mAbs protect CD32A transgenic mice from immune com-
plex-induced thrombocytopenia. Three hours prior to
immune complex challenge, CD32A transgenic mice were
pre-treated with PBS vehicle or 100 micro-grams of a repre-
sentative effector-deficient chimeric IV.3 IgG2 N297A (anti-
bodies comprising the amino acids of SEQ ID NO: 51
together with SEQ ID NO: 45). Whole blood was collected 30
minutes after mice were challenged with immune complexes
(M90+CD40L,, as in Example 1, 200 micro-grams). FIG. 16A
shows platelet depletion in a whole blood sample from a
mouse that received vehicle. FIG. 16B shows that animals
pre-treated with chimeric IV.3 IgG2 N297A did not experi-
ence thrombocytopenia in response to ICs.

FIG. 17 shows a bar graph depicting the % drop in circu-
lating platelets following IC injection (M90+CD40L, as in
Example 1, 200 micro-grams) into CD32A mice pre-treated
with either vehicle or effector-deficient chimeric 1V.3 anti-
bodies as described above. CD32A mice pre-treated with
vehicle (PBS) became severely thrombocytopenic (FIG. 17,
bar 1), whereas mice pre-treated with effector-deficient chi-
meric [V.3 IgG2 N297A (FIG. 17, bars 2, 3 and 4) were
largely protected from loss of circulating platelets. Thus,
effector-deficient chimeric IV.3 human IgG2 N297A pro-
tected mice from immune complex-induced thrombocytope-
nia (FIG. 17).

Effector-Deficient Chimeric IV.3 Antibodies Protect
CD32A Transgenic Mice from Pulmonary
Thrombosis Caused by Immune Complexes (ICs)

In this experiment, CD32A mice were pre-treated with
vehicle or with 100 micro-grams of effector-deficient chi-
meric IV.3 human IgG2 N297A mAb (SEQ ID NO: 51
together with SEQ ID NO: 45). Three hours later, pre-treated
mice were challenged with M90+CD40L IC (as in Example
1, 200 micro-grams). Thirty minutes later, mice were sacri-
ficed and their lungs removed for analysis. FIG. 18 A shows an
H&E stained lung section from a mouse pre-treated with
vehicle 3 hours prior to IC challenge. Pervasive occlusive
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pulmonary thrombi (*) were detected in vehicle-treated mice.
Surprisingly, mice pre-treated with effector-deficient chi-
meric [V.3 human IgG2 N297A exhibited normal lung
anatomy without evidence of thrombosis (FIG. 18B). Chi-
meric [V.3 IgG2 human N297 A -pre-treated mice also showed
normal blood vessels having abundant red blood cells amidst
healthy alveolar tissue (FIG. 18B), as compared to vehicle
treated mice (FIG. 18A), which exhibited abnormal and
occluded blood vessels. Notably, these mice were immuno-
logically intact (having the full array of naturally occurring
mouse IgG-Fc receptors), demonstrating the dominance of
CD32a in IC-induced thrombocytopenia, thrombosis, and
shock.

InFIG. 18C, the average number of pulmonary thrombi per
10fields was determined by H&E microscopy of mouse lungs
following IC challenge. Four mice were injected with M90+
CDA40L IC as described above. Animal #1 (PBS pre-treated
control) showed pervasive pulmonary thrombosis (mean of
17.6 clots per field), whereas animals #2, #3, and #4 which
were pre-treated with effector-deficient chimeric IV.3 human
1gG2 N297A, exhibited normal lung anatomy without evi-
dence of thrombosis.

Taken together, the data presented in Example 3 demon-
strate: (1) that native chimeric IV.3 anti-CD32a IgG2 mAb
causes infusions reactions and induces thrombocytopenia; (2)
that altering chimeric IV.3 mAb to an effector-deficient for-
mat renders chimeric IV.3 infusion-safe and hemostatically
safe (in that it does not induce thrombocytopenia); (3) that
IV.3 mediated infusion reactions and thrombocytopenia are
dependent on the function of the IgG-Fc (effector) domain;
(4) that effector-deficient chimeric IV.3 IgG mAbs protects
CD32A transgenic mice from immune complex-mediated
infusion reactions, thrombocytopenia, thrombosis, and
shock.

Example 4

Anti-CD32a mAbs potently inhibit CD32a-mediated
immune complex-induced human platelet aggregation and
degranulation.

In this example we analyzed immune complex-induced
human platelet aggregation and degranulation in vitro to
assess the potency and efficacy of anti-CD32a mAbs.
Methods

Platelet-activating immune complexes (ICs) were prepared
by combining CD40 ligand (CD40L, also called CD154),
human platelet factor 4 (hPF4), human beta 2-Glycoprotein |
(beta 2-GPI), or TNFalpha antibodies with their respective
ligands typically at balanced stoichiometry (100-1000 nM).
The following types of immune complexes were tested: (1)
M90 anti-CD40L mAb+CD40L; (2) M91 anti-CD40L mAb+
CDA40L; (3) M90 anti-CD40L mAb+M91 anti-CD40L mAb+
CD40L (a polyclonal immune complex); (4) anti-hPF4
mAb+hPF4+0.1 U/ml heparin (an HIT-like IC); (5) poly-
clonal anti-beta 2-GPI+beta 2-GPI (an APS-like IC); (6)
infliximab+TNFalpha (a therapeutic m Ab-like IC); (7) adali-
mumab+TNFalpha (a therapeutic mAb-like IC); and (8) goat
F(ab")2-anti-human-IgG-F(ab')2+infliximab (to mimic anti-
therapeutic antibody IC activity).

Isolated platelets were assessed via light-transmission
aggregometry as follows. Platelets were acquired from
healthy human donors (n=10) following informed consent,
washed and suspended in assay buffer. Platelets were placed
in cuvettes in the aggregometer and allowed to incubate at 37°
C. until a stable baseline was achieved.

Anti-CD32a antibodies or saline were added to the cuvette
5-10 minutes before the addition of platelet-activating



US 9,382,321 B2

65

immune complexes. Following the addition of immune com-
plexes, aggregation traces were monitored for at least 5 min-
utes. In some cases where CD32a mAbs prevented immune
complex-induced aggregation, the capacity of the platelets to
aggregate was confirmed by the addition of the standard
agonist collagen (7 micro-grams/milliliter final concentra-
tion).

Results

In FIG. 19, 500 nM M90+CD40L IC activated CD32a on
washed human platelets, leading to aggregation, which was
not blocked by a control mAb (recombinant rabbit IgG) FIG.
19 (line 1). Platelet aggregation was completely blocked by
mouse V.3 mIgG2b (FIG. 19, line 2) and by native chimeric
IV3 hlgGl (FIG. 19, line 3), which display similar
potency (<5 nM required). This data demonstrates that cloned
native chimeric IV.3 hlgG1 has CD32a blocking activity
comparable to that of the parent mouse monoclonal antibody.

In FIG. 20, 250 nM M90+CD40L IC potently induced
CD32a-dependent aggregation (FIG. 20, line 1), which was
blocked by 7 nM aglycosylated mouse IV.3 mIgG2b (FIG. 20,
line 2). These results suggest that deglycosylation of the “Fc¢”
effector domain of mouse IV.3 mIgGG2b mAb, which renders
the antibody effector-deficient, does not significantly alter its
potency in blocking platelet CD32a (i.e., its Fab-dependent
activity).

In FIG. 21, 500 nM M90+CD40L IC induced aggregation
(FIG. 21, line 1), which was blocked by native chimeric IV.3
hlgG2 (FIG. 21, lines 2, 3, 4). Aggregation of platelets from a
second donor tested with 500 nM M91+CDA40L IC was also
completely inhibited by native chimeric IV.3 hlgG2 (data not
shown).

In FIG. 22, 500 nM M90+CD40L IC-induced aggregation
(FI1G. 22, line 1) is blocked by 3.3 nM (FIG. 22, line 2) and by
1.7 aM (FIG. 22, line 3) effector-deficient chimeric 1V.3
hlgG2 N297A mAb (SEQ ID NO: 51 together with SEQ ID
NO: 45). Collagen (designated by * here and below), added at
19 min, demonstrated the anti-CD32a mAb-treated platelets
remained aggregation competent.

In FIG. 23, 500 nM M90+CD40L IC induced aggregation
(FIG. 23, line 1) is blocked by 13 nM effector-deficient chi-
meric AT-10 hIgG1 E269R (FIG. 23, line 2) mAb (SEQ ID
NO: 22 together with SEQ ID NO; 16). Also, native chimeric
AT-10 hlgG1, higG2, and effector-deficient chimeric hlgG2
N297A formats (SEQ ID NO: 22 together with SEQ ID NO:
18) gave similar results with platelets from other donors (data
not shown).

InFIG. 24, an IC composed of a 700 nM mix of M90+M91
plus CD40L caused platelet aggregation (F1G. 24, line 1). The
activity of this IC was completely blocked by less than 3 nM
of effector-deficient human MDE-8 IgG1 E269R (SEQ ID
NO: 69 together with SEQ ID NO: 65) (FIG. 24, line 2).
Collagen, added at 15 min, demonstrated aggregation com-
petence (FIG. 24, line 2*). Native human MDE-8 1gG1, IgG2,
and eftector-deficient IgG2 N297A (SEQ ID NO: 69 together
with SEQ ID NO: 67) similarly blocked IC-induced aggre-
gation (data not shown).

In FIG. 25, 500 nM M90+CD40L IC-induced aggregation
(FIG. 25, line 1) was inhibited similarly by 3 nM effector-
deficient humanized IV.3.1 IgG1l E269R (SEQ ID NO: 53
together with SEQ ID NO: 47, FIG. 25, line 2) and by 3 nM
mouse [V.3 mIgG2b (FIG. 25, line 3) mAbs. An identical
concentration (3 nM) of effector-deficient humanized 1V.3.2
IgG1 E269R mAbs (SEQ ID NO: 53 together with SEQ ID
NO: 49) also inhibited the activity of this IC (data not shown).
This data demonstrates similar potency between humanized
and mouse IV.3 mAbs.
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In FIG. 26, 500 nM M90+CD40L IC-induced aggregation
(FIG. 26, line 1) was not inhibited by 2 nM effector-deficient
humanized IV.3.1 IgGl E269R mAb (SEQ ID NO: 53
together with SEQ ID NO: 47, FIG. 26, line 2) but was
inhibited by 2 nM mouse IV.3 mIgG2b mAb (FIG. 26, line 3).
Collagen, added at 10.5 min, demonstrated platelet aggrega-
tion competence.

In FIG. 27, M90+CD40L (500 nM) IC-induced aggrega-
tion (FIG. 27, line 1) was blocked by 6 nM effector-deficient
humanized IV.3.1 IgGl E269R mAb (SEQ ID NO: 53
together with SEQ ID NO: 47, FIG. 27, line 2) Collagen (*)
was added (FIG. 27, line 2) at 11 min and demonstrated
platelet aggregation competence.

In FIG. 28, an IC composed of a 1000 nM mix of M90+
MO1 plus CD40L caused platelet aggregation (FIG. 28, line
1). The activity of this IC was blocked by 25 nM effector-
deficient humanized IV.3.1 IgG1 E269R mAb (SEQ ID NO:
53 together with SEQ ID NO: 47, FIG. 28, line 2) and by 25
nM mouse IV.3 mIgG2b (FIG. 28, line 3). Negative control
(no IC added; FIG. 28, line 4) did not aggregate.

In FIG. 29, 250 nM hPF4+anti-hPF4-+heparin (0.1 Units/
milliliter), an HIT-like IC (FIG. 29, line 1), was completely
blocked by 40 nM of effector-deficient humanized 1V.3.1
IgG1 E269R (SEQ ID NO: 53 together with SEQ ID NO: 47,
FIG. 29, line 2). Collagen was added (FIG. 29, line 2) at 10.5
min. Effector-deficient humanized IV.3.2 IgG1 E269R mAbs
(SEQID NO: 53 together with SEQ ID NO: 49) also inhibited
the activity of this IC (data not shown).

In FIG. 30, 500 nM anti-human beta 2-GPI polyclonal
antibody+125 nM human beta 2-GPI IC (an APS-like IC)
induced robust platelet aggregation (FIG. 30, line 1) which
was blocked both by 33 nM of effector-deficient humanized
1V.3.11gG1 E269R mAb (SEQID NO: 53 together with SEQ
ID NO: 47, FIG. 30, line 2) and by 50 nM of effector-deficient
human MDE-8 IgG1 E269R (SEQ ID NO: 69 together with
SEQ ID NO: 65, FIG. 30, line 3).

In FIG. 31, M90+CD40L (500 nM) IC-induced aggrega-
tion (FIG. 31, line 1) was inhibited by 15 nM effector-defi-
cient humanized AT-10 IgG1 E269R mAb (SEQ ID NO: 24
together with SEQ ID NO: 20, FIG. 31, line 2). Addition of
375 nM of the F(ab')2 fragment of goat anti-human-F(ab')2
(designated as #; added at 16 min), which lacks an Fc-domain,
cause platelet aggregation thus demonstrating platelet surface
localization of effector-deficient humanized AT-10 IgG1l
E269R as well as aggregation competence.

Taken together, the results depicted by FI1G. 19-31 demon-
strate that several different types of immune complexes (ICs)
are capable of inducing platelet aggregation in a CD32a-
dependent manner. These ICs are potently blocked by chi-
meric or humanized IV.3, by chimeric or humanized AT-10,
and by MDE-8, including IgG1 and IgG2 isotype subclasses,
in both effector-competent and effector-deficient formats.
Because humanized AT-10 and humanized IV.3 mAbs exhib-
ited CD32a blocking activity comparable to that of their
parent murine mAbs, these previously undescribed and novel
mAbs may be useful for treatment of human disorders in
which immune complexes play a pathologic role via CD32a.

When considered together, the in vivo (mouse) and in vitro
(aggregation, degranulation) data also demonstrate that effec-
tor-deficient formats of IV.3, AT-10, and MDE-8, whether in
1gG1 or 1gG2 format, and whether chimeric, humanized, or
fully human, can be expected to have safe in vivo adminis-
tration profiles while providing potent blockade of CD32a,
thus preventing CD32a activation induced by ICs or by
immobilized IgG.

Combined AT-10, IV.3 and MDE-8 mAbs do not Activate
CD32a.
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We next considered whether the effector-deficient chi-
meric, humanized, and human anti-CD32a mAbs described
herein were capable, when combined, of activating CD32a
(i.e., by directly multimerizing or clustering the receptor). To
this end, we combined 2 nM humanized AT-10 (SEQ ID NO:
24 together with SEQ ID NO: 20), 150 nM humanized IV.3.1
(SEQ ID NO: 53 together with SEQ ID NO: 47), and 150 nM
human MDE-8 (SEQ ID NO: 69 together with SEQ ID NO:
65), all in effector-deficient IgG1 E269R format, and exposed
the combination of these anti-CD32a mAbs to washed human
platelets. FIG. 32 shows that 500 nM M90+CD40L IC
induced robust platelet aggregation (FIG. 32, line 1), while
combined anti-CD32a mAbs did not cause aggregation (FIG.
32, line 2). Collagen (*), added at 18 min, demonstrated
aggregation competence. FIG. 33 shows that the combination
of 300 nM effector-deficient chimeric AT-10 higG1l E269R
(SEQ ID NO: 22 together with SEQ ID NO: 16), 300 nM
effector-deficient chimeric IV.3 hIgG2 N297A (SEQ ID NO:
51 together with SEQ ID NO: 45), and 300 nM effector-
deficient human MDE-8 IgG1l E269R (SEQ ID NO: 69
together with SEQ ID NO: 65) also failed to induce platelet
aggregation, whereas collagen (*) succeeded.

We next examined the capacity of combined CD32a mAbs
to induce platelet degranulation, as occurs when CD32a is
clustered by ICs. We also evaluated the capacity of these
anti-CD32a mAbs to prevent platelet degranulation caused by
therapeutic TNFalpha antibodies complexed with TNFalpha
(100 nM). To that end, we tested murine IV.3 mIgG2b, effec-
tor-deficient humanized IV.3.1 higG1 E269R (SEQ ID NO:
53 together with SEQ ID NO: 47), effector-deficient chimeric
AT-10 hIgG1 E269R (SEQ ID NO: 22 together with SEQ ID
NO: 16, and eftector-deficient human MDE-8 IgGG1 E269R
(SEQID NO: 69 together with SEQ ID NO: 65), as well as the
combination of these four mAbs (all at 100 nM), for their
capacity to activate washed human platelets, as measured by
degranulation in the serotonin release assay (FIG. 34). The
results showed that all tested anti-CD32a mAbs prevented
TNFalpha-immune-complex induced platelet degranulation,
and that the combination of all mAbs failed to degranulate
platelets. FIG. 34.

Further, a combination of 25 nM humanized 1V.3.1 (SEQ
ID NO: 53 together with SEQ ID NO: 47), 90 nM humanized
AT-10 (SEQ ID NO: 24 together with SEQ ID NO: 20), and
75 nM human MDE-8 (SEQ ID NO: 69 together with SEQ ID
NO: 65), all in effector-deficient IgG1 E269R format, was
also similarly tested with the same result (i.e., no activation of
CD32a; data not shown).

Each of the tested mAbs blocked infliximab and adali-
mumab anti-TNFalpha IC-induced platelet activation. The
combination of four anti-CD32a mAbs (mouse [V.3, human-
ized IV.3, chimeric AT-10, and human MDE-8) failed to cause
any platelet activation (FIG. 34).

Taken together, the results shown in FIGS. 32-34 indicate
that the tested mAbs are compatible in that they do not syn-
ergistically cluster CD32a to the point of activation, suggest-
ing that these mAbs could potentially be delivered to patients
without synergistic activation. Furthermore, the compatabil-
ity of these mAbs provides a progressive treatment course for
anti-CD32a therapy, wherein patients developing immune
reactivity to a first therapeutic anti-CD32a mAb are provided
with follow-up therapeutics compatible for long term treat-
ment of chronic immune complex-mediated disorders.

Although humanized and human antibodies used for
therapy in patients with immune complex-mediated disorders
are expected to be less immunogenic, the evidence suggests
that many such patients nevertheless develop immune reac-
tions to the therapeutic antibody (e.g., anti-therapeutic-anti-
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body-antibodies, or ATA). These host response antibodies can
form immune complexes that activate CD32a; however, the
effector-deficient CD32a mAbs described herein are candi-
dates for use in protecting patients from these ATA immune
complexes.

Following this rationale, we examined the capacity of anti-
CD32a mAbs to prevent platelet degranulation induced by
ICs formed from infliximab and F(ab")2 fragments of goat
anti-human IgG-F(ab')2 antibodies, wherein the only func-
tional Fe-domain of such ICs is that of the therapeutic mAb,
infliximab. FIG. 35 shows that infliximab+goat anti-human
IgG F(ab")2 ICs induced platelet degranulation (FIG. 35, first
column). The activity of this IC was blocked by mouse IV.3
mlgG2b mAb (FIG. 35, second column), by effector-defi-
cient human MDE-8 IgG1 E269R (SEQ ID NO: 69 together
with SEQ ID NO: 65, FIG. 35, third column), by effector-
deficient chimeric AT-10 higG1l E269R (SEQ ID NO: 22
together with SEQ ID NO: 16, FIG. 35, fourth column), and
by effector-deficient humanized 1V.3.1 hlgG1 E269R (SEQ
ID NO: 53 together with SEQ ID NO: 47, FIG. 35, fifth
column). These results demonstrate that CD32a blockade can
prevent activation of platelets by ICs formed from antibodies
that cluster the therapeutic mAb, infliximab, and that the
effector-deficient CD32a antibodies of the present invention
are useful in methods to prevent activation of platelets by ICs,
and in particular, by ICs formed from clusters of therapeutic
non-CD32a monoclonal antibodies.

Furthermore, patients who are immunologically reactive to
such therapeutic non-CD32a mAbs are typically transitioned,
or “switched” to alternative therapeutic mAbs having the
same antigen target, as is the case in anti-TNF alpha therapy,
where a reactive patient might be switched, for example, from
infliximab to adalimumab. This concern may require lengthy
treatment gaps to ensure that residual previous therapeutic
antibody is no longer present. However, our data suggests that
an immune reactive recipient (i.e., a patient having an
immune reaction to administered therapeutic antibodies)
could safely be switched to one of the effector-deficient
CD32a antibodies described herein with no treatment gap,
and also that a patient could be treated with multiple effector-
deficient CD32a antibodies as described herein without con-
cern for synergistic platelet activation.

Following this rationale, we injected the combination of
three anti-CD32a mAbs into CD32A transgenic mice and
examined core body temperature and platelet counts as mea-
sures of possible synergistic infusion reactions. Effector-de-
ficient chimeric AT-10 higGl E269R (SEQ ID NO: 22
together with SEQ ID NO: 16), effector-deficient chimeric
V.3 higG2 N297A (SEQ ID NO: 51 together with SEQ ID
NO: 45), and effector-deficient human MDE-8 IgG1 E269R
(SEQ ID NO: 69 together with SEQ ID NO: 65) were pre-
mixed and injected intravenously as a single bolus into two
CD32A transgenic mice. The first animal received 50 micro-
grams of each mAb (total of 150 micro-grams of anti-CD32a
IgG injected). The second animal received 100 micro-grams
of each mAb (300 micro-grams total IgG injected). Platelet
counts (in whole blood) of each animal were measured before
(FIGS. 36A and 36C) and 30 minutes after mAb injection
(FIG. 36B=50 micro-gramsx3, and FIG. 36D=100 micro-
gramsx3). Gate P1 identifies platelets (gate P4 is other blood
cells). FIG. 36E shows core body temperature in CD32A
transgenic mice as monitored for 30 minutes following injec-
tion of effector-deficient mAbs. These results show that these
effector-deficient anti-CD32a clones (i.e., [V.3, AT-10, MDE-
8), when combined, do not confer the capacity either to clus-
ter CD32a or to induce thrombocytopenia in CD32A mice.
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Taken together, the results depicted by FIGS. 32-36 dem-
onstrate a surprising functional compatability of IV.3, AT-10,
and MDE-8, such that, when combined, these antibodies
retain their non-activating profile, both in vitro and in vivo,
thus providing a therapeutic strategy for continued anti-

CD32a immunotherapy, for example, in the presence of anti-
drug antibodies (ATA).

EQUIVALENTS

The foregoing written specification is considered to be
sufficient to enable one skilled in the art to practice the
embodiments. The foregoing description and Examples detail
certain embodiments and describes the best mode contem-
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plated by the inventors. It will be appreciated, however, that
no matter how detailed the foregoing may appear in text, the
embodiment may be practiced in many ways and should be
construed in accordance with the appended claims and any
equivalents thereof.

As used herein, the term “about” refers to a numeric value,
including, for example, whole numbers, fractions, and per-
centages, whether or not explicitly indicated. The term
“about” generally refers to a range of numerical values (e.g.,
+/=5-10% of the recited range) that one of ordinary skill in the
art would consider equivalent to the recited value (e.g., having
the same function or result). In some instances, the term
“about” may include numerical values that are rounded to the
nearest significant figure.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 102
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 1
Tyr Tyr Trp Met Asn
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 19

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 2

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Glu Ile Arg Leu Lys Ser Asn Asn Tyr Ala Thr His Tyr Ala Glu Ser

1 5 10

Val Lys Gly

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 3
Arg Asp Glu Tyr Tyr Ala Met Asp Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 4

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

15

Synthetic

Synthetic

Arg Ala Ser Glu Ser Val Asp Asn Phe Gly Ile Ser Phe Met Asn

1 5 10

15
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72

<210> SEQ ID NO 5

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
<400> SEQUENCE: 5
Gly Ala Ser Asn Gln Gly Ser
1 5
<210> SEQ ID NO 6
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide
<400> SEQUENCE: 6
Gln Gln Ser Lys Glu Val Pro Trp Thr
1 5
<210> SEQ ID NO 7
<211> LENGTH: 360
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 7
gaagtgaagce ttgaggagtc tggaggaggc ttggtgcaac ctggaggatc catgaaactce 60
tcetgtgttyg cctetggatt cactttcagt tactactgga tgaactgggt ccgecagtcet 120
ccagagaagg ggcttgagtg ggttgctgaa attagattga aatctaataa ttatgcaaca 180
cattatgcgg agtctgtgaa agggaggttc accatctcaa gagatgattc caaaaataat 240
gtctacctge aaatgaacaa cttaagagct gaagacactg gcatttatta ctgtaacagg 300
cgtgatgagt attacgctat ggattattgg ggtcaaggga cgtcggtatce tgtgtctagt 360
<210> SEQ ID NO 8
<211> LENGTH: 120
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 8
Glu Val Lys Leu Glu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15
Ser Met Lys Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Ser Tyr Tyr
20 25 30
Trp Met Asn Trp Val Arg Gln Ser Pro Glu Lys Gly Leu Glu Trp Val
35 40 45
Ala Glu Ile Arg Leu Lys Ser Asn Asn Tyr Ala Thr His Tyr Ala Glu
50 55 60
Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Asn
65 70 75 80
Val Tyr Leu Gln Met Asn Asn Leu Arg Ala Glu Asp Thr Gly Ile Tyr
85 90 95
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ued

Tyr Cys Asn Arg Arg Asp Glu Tyr Tyr Ala Met Asp Tyr Trp Gly Gln

100

Gly Thr Ser Val Ser Val Ser Ser

115

<210> SEQ ID NO 9
<211> LENGTH: 333
<212> TYPE: DNA

120

105

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 9
gacattgtgce tgacccaatc
atctcectgeca gagccagega
caacagaaac caggacagcc
ggggtccecetyg ccaggtttag
cctgtggagy aggatgatge
acgtteggty gaggcaccaa
<210> SEQ ID NO 10

<211> LENGTH: 111
<212> TYPE: PRT

tccaggttet

aagtgttgat

accccgacte

tggcagtggg

tgcaatgtat

getggaaatce

110

ttggctgtgt ctectagggca gagggecace

aattttggca ttagttttat gaactggttc

ctcatctatg gtgcatccaa

tctgggacag acttcagect

ttctgtcage aaagtaagga ggtteegtgg

aaa

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 10

Asp Ile Val Leu Thr Gln Ser Pro

1 5

Gln Arg Ala Thr Ile Ser Cys Arg

20

Gly Ile Ser Phe Met Asn Trp Phe

35

40

Arg Leu Leu Ile Tyr Gly Ala Ser

50

55

Arg Phe Ser Gly Ser Gly Ser Gly

65 70

Pro Val Glu Glu Asp Asp Ala Ala

85

Glu Val Pro Trp Thr Phe Gly Gly

100

<210> SEQ ID NO 11
<211> LENGTH: 360
<212> TYPE: DNA

Gly

Ala

25

Gln

Asn

Thr

Met

Gly
105

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 11
gaggtgcage tggtggagte
tcctgtgecag cctetggatt

ccagggaagg ggctggagtg

gaatacgcceg cgtctgtgaa

tgggggaggce

caccttctca

ggttggccgt

aggcagattc

Ser

10

Ser

Gln

Gln

Asp

Tyr

90

Thr

Artificial Sequ

Leu Ala Val Ser
Glu Ser Val Asp
30
Lys Pro Gly Gln
Gly Ser Gly Val
60

Phe Ser Leu Asn
75

Phe Cys Gln Gln

Lys Leu Glu Ile
110

ttggtccage ctggagggte

tactattgga tggactgggt

atcagactga aatctaacaa

accatctcaa gagatgattce

Synthetic

60
120
ccaaggatcc 180
caacatccat 240
300
333
ence: Synthetic
Leu Gly
15
Asn Phe
Pro Pro
Pro Ala
Ile His
80
Ser Lys
95
Lys
Synthetic
cctgagactce 60
ccgeccaggcet 120
ctatgccacc 180
aaagaactca 240
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ctgtatctge aaatgaacag cctgaaaacc gaggacacgg ccgtgtatta ctgtaacaga 300
agagatgagt attacgccat ggattattgg ggccaaggga caatggtcac cgtctcttca 360
<210> SEQ ID NO 12
<211> LENGTH: 120
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide
<400> SEQUENCE: 12
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Tyr

20 25 30
Trp Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Gly Arg Ile Arg Leu Lys Ser Asn Asn Tyr Ala Thr Glu Tyr Ala Ala
50 55 60
Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Ser
65 70 75 80
Leu Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr
85 90 95
Tyr Cys Asn Arg Arg Asp Glu Tyr Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110
Gly Thr Met Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 13
<211> LENGTH: 333
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 13
gaaattgtgt tgacacagtc tccagccacce ctgtctttgt ctecagggga aagagccacce 60
ctctectgea gggcecagtga atctgtggat aactteggga tcetecttett agectggtac 120
caacagaaac ctggccaggce tcccaggete ctecatctatg gagectccaa cagggecact 180
ggcatcccayg ccaggttcag tggcagtggg tcetgggacag acttcactet caccatcage 240
agcctagage ctgaagattt tgcagtttat tactgtcage aatctaaaga ggtgccatgg 300
accttecggece aagggaccaa ggtggaaatc aaa 333
<210> SEQ ID NO 14
<211> LENGTH: 111
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

<400> SEQUENCE: 14

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1

5

10

15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Glu Ser Val Asp Asn Phe

20

25

30



77

US 9,382,321 B2

-continued

78

Gly Ile Ser
35

Arg Leu Leu
50

Arg Phe Ser
65

Ser Leu Glu

Glu Val Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Leu Ala Trp Tyr

40

Ile Tyr Gly Ala Ser

55

Gly Ser Gly Ser Gly

70

Pro Glu Asp Phe Ala

85

Trp Thr Phe Gly Gln

100

D NO 15
H: 1350
DNA

Gln Gln

Asn Arg

Thr Asp

Val Tyr

90

Gly Thr
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 15

gaagtgaagce

teetgtgtty

ccagagaagg

cattatgegg

gtctacctge

cgtgatgagt

gctagcacca

ggcacagcgg

tggaactcag

ggactctact

tacatctgca

aaatcttgtg

ccegteagtet

gaggtcacat

tacgtggacyg

agcacgtacc

gagtacaagt

aaagccaaag

atgaccaaga

geegtggagt

ctggacteeg

cagcagggga

cagaagagcc

<210> SEQ I

<211> LENGT.
<212> TYPE:

ttgaggagtc

cctetggatt

ggcttgagtg

agtctgtgaa

aaatgaacaa

attacgctat

agggcccatce

cecectgggety

gegecctgac

cccteageag

acgtgaatca

acaaaactca

tcctettece

gegtggtggt

gegtggaggt

gtgtggtcag

gcaaggtete

ggcagccecyg

accaggtcag

gggagagcaa

acggctectt

acgtcttete

tctecetgte

D NO 16

H: 450
PRT

tggaggaggce

cactttcagt

ggttgctgaa

agggaggttc

cttaagagct

ggattattgg

ggtettecce

cctggtcaag

cagcggegtyg

cgtggtgace

caagcccage

cacatgccca

cccaaaaccce

ggacgtgagc

gcataatgce

cgtecteace

caacaaagcc

agaaccacag

cctgacctge

tgggcagccg

cttectectac

atgcteegtyg

tccgggtaaa

ttggtgcaac

tactactgga

attagattga

accatctcaa

gaagacactyg

ggtcaaggga

ctggcacect

gactacttce

cacaccttcee

gtgcccteca

aacaccaagg

cegtgeccag

aaggacaccc

cacagagacc

aagacaaagc

gtcetgcace

ctceccagece

gtgtacacce

ctggtcaaag

gagaacaact

agcaagctca

atgcatgagg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Lys Pro

Ala Thr
60

Phe Thr
75

Tyr Cys

Lys Val

Gly

45

Gly

Leu

Gln

Glu

Gln

Ile

Thr

Gln

Ile
110

ctggaggatc

tgaactgggt

aatctaataa

gagatgatte

gcatttatta

cgteggtatce

cctecaagag

ccgaaccggt

cggetgtect

gcagcttggg

tggacaagaa

cacctgaact

tcatgatcte

ctgaggtcaa

c¢gcgggagga

aggactgget

ccatcgagaa

tgcccecate

gettetatcee

acaagaccac

ccgtggacaa

ctctgcacaa

Ala Pro

Pro Ala

Ile Ser
80

Ser Lys
95

Lys

Synthetic
catgaaactc 60
ccgecagtet 120
ttatgcaaca 180
caaaaataat 240
ctgtaacagg 300
tgtgtctagt 360
cacctctggyg 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagccce 660
cctgggggga 720
ccggacceect 780
gttcaactgg 840
gcagtacaac 900
gaatggcaag 960
aaccatctecc 1020
ccgggaggayg 1080
cagcgacatc 1140
gccteecgtg 1200
gagcaggtgg 1260
ccactacacyg 1320

1350
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80

<223> OTHER INFORMATION:

polypeptide

<400> SEQUENCE:

Glu

1

Ser

Trp

Ala

Ser

65

Tyr

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

305

Glu

Lys

Thr

Thr

Glu
385

Val Lys Leu

Met

Met

Glu

50

Val

Tyr

Cys

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys
370

Ser

Lys

Asn

35

Ile

Lys

Leu

Asn

Ser

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro
355

Leu

Asn

Leu

20

Trp

Arg

Gly

Gln

Arg

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser
340
Pro

Val

Gly

16

Glu

5

Ser

Val

Leu

Arg

Met

85

Arg

Ser

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Glu

Cys

Arg

Lys

Phe

70

Asn

Asp

Val

Ser

Lys

150

Leu

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390

Description of

Ser

Val

Gln

Ser

55

Thr

Asn

Glu

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

Val

Ser

Lys

Glu

Phe
375

Glu

Gly

Ala

Ser

40

Asn

Ile

Leu

Tyr

Ser

120

Lys

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Gly

Glu
360

Tyr

Asn

Gly

Ser

25

Pro

Asn

Ser

Arg

Tyr

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Glu

His

Lys

Gln
345
Met

Pro

Asn

Gly

10

Gly

Glu

Tyr

Arg

Ala

90

Ala

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Ala

Pro

250

Val

Val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Artificial Sequence:

Leu Val

Phe Thr

Lys Gly

Ala Thr
60

Asp Asp
75

Glu Asp

Met Asp

Thr Lys

Ser Gly
140

Glu Pro
155

His Thr

Ser Val

Cys Asn

Glu Pro
220

Pro Glu
235

Lys Asp

Val Asp

Asp Gly

Tyr Asn
300

Asp Trp
315

Leu Pro

Arg Glu

Lys Asn

Asp Ile

380

Lys Thr
395

Gln

Phe

Leu

45

His

Ser

Thr

Tyr

Gly

125

Gly

Val

Phe

Val

Val

205

Lys

Leu

Thr

Val

Val

285

Ser

Leu

Ala

Pro

Gln
365

Ala

Thr

Pro

Ser

30

Glu

Tyr

Lys

Gly

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Gln
350
Val

Val

Pro

Gly

15

Tyr

Trp

Ala

Asn

Ile

95

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Gly

Met

255

His

Val

Tyr

Gly

Ile

335

Val

Ser

Glu

Pro

Synthetic

Gly

Tyr

Val

Glu

Asn

80

Tyr

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Arg

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400
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Leu Asp Ser

Lys Ser Arg

Glu Ala Leu
435

Gly Lys
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Gly Ser Phe Phe

405

Leu Tyr Ser
410

Lys Leu Thr

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val

420

His Asn His Tyr Thr

D NO 17
H: 1338
DNA

440

425

Gln Lys Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn
<400> SEQUE:
gaagtgaagce
tcetgtgttyg
ccagagaagg
cattatgcgyg
gtctacctge
cgtgatgagt
gctagcacca
agcacagcgg
tggaactcag
ggactctact
tacacctgca
aaatgttgtg
ctetteccce
gtggtggtgg
gtggaggtge
gtggtcageg
aaggtctcca
cagceccgag
caggtcagcce
gagagcaatg
ggctecttet
gtcttcteat
tcectgtete
<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

ucleotide

NCE: 17

ttgaggagtc

cctetggatt

ggcttgagtg

agtctgtgaa

aaatgaacaa

attacgctat

agggcccatce

cecectgggety

gegetetgac

cccteageag

acgtagatca

tcgagtgece

caaaacccaa

acgtgagceca

ataatgccaa

tcctecacegt

acaaaggcct

aaccacaggt

tgacctgect

ggcagccgga

tcctectacag

getecgtgat

cgggtaaa

D NO 18

H: 446
PRT

tggaggaggce
cactttcagt
ggttgctgaa
agggaggttc
cttaagagct
ggattattgg
ggtettecce
cctggtcaag
cagcggegtyg
cgtggtgace
caagcccage
accgtgecca
ggacacccte
cgaagacccc
gacaaagcca
tgtgcaccag
cccagecaed
gtacaccctyg
ggtcaaaggce
gaacaactac

caagctcace

gecatgaggcet

ttggtgcaac
tactactgga
attagattga
accatctcaa
gaagacactyg
ggtcaaggga
ctggegeect
gactacttce
cacaccttee
gtgcccteca
aacaccaagg
gcaccacctyg
atgatctecce
gaggtccagt
cgggaggage
gactggctga
atcgagaaaa
cccecatece
ttctacccca
aagaccacgc
gtggacaaga

ctgcacaacc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyp

eptide

430

Leu Ser Leu
445

ctggaggatc

tgaactgggt

aatctaataa

gagatgatte

gcatttatta

cgteggtatce

gctecaggag

ccgaaccggt

cagctgtect

gcaacttegg

tggacaagac

tggcaggacc

ggaccectga

tcaactggta

agttcgccag

acggcaagga

ccatctccaa

gggaggagat

gegacatege

ctcecatget

gcaggtggca

actacacgca

Val Asp
415

Met His

Ser Pro

Synthetic
catgaaactc 60
ccgecagtet 120
ttatgcaaca 180
caaaaataat 240
ctgtaacagg 300
tgtgtctagt 360
cacctcecgag 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagcgce 660
gtcagtctte 720
ggtcacgtgce 780
cgtggacggce 840
cacgttcegt 900
gtacaagtgce 960
aaccaaaggyg 1020
gaccaagaac 1080
cgtggagtgyg 1140
ggactccgac 1200
gcaggggaac 1260
gaagagccte 1320

1338

Synthetic



83

US 9,382,321 B2

-continued

84

<400> SEQUENCE:

Glu

1

Ser

Trp

Ala

Ser

65

Tyr

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Glu

225

Leu

Glu

Gln

Lys

Leu

305

Lys

Lys

Ser

Lys

Gln
385

Gly

Val Lys Leu

Met

Met

Glu

50

Val

Tyr

Cys

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Cys

Phe

Val

Phe

Pro

290

Thr

Val

Thr

Arg

Gly

370

Pro

Ser

Lys

Asn

35

Ile

Lys

Leu

Asn

Ser

115

Leu

Cys

Ser

Ser

Asn

195

Asn

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Glu

355

Phe

Glu

Phe

Leu

20

Trp

Arg

Gly

Gln

Arg

100

Val

Ala

Leu

Gly

Ser

180

Phe

Thr

Pro

Pro

Cys

260

Trp

Glu

Val

Asn

Gly

340

Glu

Tyr

Asn

Phe

Glu

Ser

Val

Leu

Arg

Met

85

Arg

Ser

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Met

Pro

Asn

Leu
405

Glu

Cys

Arg

Lys

Phe

70

Asn

Asp

Val

Cys

Lys

150

Leu

Leu

Thr

Val

Pro

230

Pro

Val

Val

Gln

Gln

310

Gly

Pro

Thr

Ser

Tyr
390

Tyr

Ser

Val

Gln

Ser

Thr

Asn

Glu

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Ala

Lys

Val

Asp

Phe

295

Asp

Leu

Arg

Lys

Asp

375

Lys

Ser

Gly

Ala

Ser

40

Asn

Ile

Leu

Tyr

Ser

120

Arg

Tyr

Ser

Ser

Thr

200

Lys

Pro

Asp

Asp

Gly

280

Ala

Trp

Pro

Glu

Asn
360
Ile

Thr

Lys

Gly

Ser

25

Pro

Asn

Ser

Arg

Tyr

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Thr

Pro

Thr

Val

265

Val

Ser

Leu

Ala

Pro

345

Gln

Ala

Thr

Leu

Gly

10

Gly

Glu

Tyr

Arg

Ala

90

Ala

Ser

Thr

Pro

Val

170

Ser

Thr

Val

Val

Leu

250

Ser

Glu

Thr

Asn

Pro

330

Gln

Val

Val

Pro

Thr
410

Leu

Phe

Lys

Ala

Asp

75

Glu

Met

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Ala

235

Met

His

Val

Phe

Gly

315

Ile

Val

Ser

Glu

Pro
395

Val

Val

Thr

Gly

Thr

60

Asp

Asp

Asp

Lys

Glu

140

Pro

Thr

Val

Asn

Arg

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Leu

Trp
380

Met

Asp

Gln

Phe

Leu

45

His

Ser

Thr

Tyr

Gly

125

Ser

Val

Phe

Val

Val

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Thr
365
Glu

Leu

Lys

Pro

Ser

30

Glu

Tyr

Lys

Gly

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asp

Cys

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Cys

Ser

Asp

Ser

Gly

15

Tyr

Trp

Ala

Asn

Ile

95

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Leu

Asn

Ser

Arg
415

Gly

Tyr

Val

Glu

Asn

80

Tyr

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Val

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Val

Gly

Asp

400

Trp
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-continued

86

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
420 425 430

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> SEQ ID NO 19

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 19
gaggtgcagc tggtggagtc tgggggaggce ttggtccage ctggagggte
tcctgtgeag cctetggatt caccttetca tactattgga tggactgggt
ccagggaagg ggctggagtg ggttggecegt atcagactga aatctaacaa
gaatacgceg cgtctgtgaa aggcagattce accatctcaa gagatgattce
ctgtatctge aaatgaacag cctgaaaacc gaggacacgg ccgtgtatta
agagatgagt attacgccat ggattattgg ggccaaggga caatggtcac
getagcacca agggcccatce ggtcettecce ctggcaccct cctccaagag
ggcacagcegg ccectgggetyg cetggtcaag gactacttee ccgaaceggt
tggaactcag gcgcectgac cageggegtg cacaccttece cggetgtect
ggactctact ccctcagcag cgtggtgace gtgccctceca geagettggg
tacatctgca acgtgaatca caagcccage aacaccaadg tggacaagaa
aaatcttgtg acaaaactca cacatgecca cegtgeccag cacctgaact
cegtcagtet tectettece cccaaaacce aaggacacce tcatgatcte
gaggtcacat gcgtggtggt ggacgtgage cacagagacce ctgaggtcaa
tacgtggacg gcgtggaggt gcataatgec aagacaaagce cgcgggagga
agcacgtacce gtgtggtcag cgtectcace gtectgcace aggactgget
gagtacaagt gcaaggtctc caacaaagcce ctcccagcce ccatcgagaa
aaagccaaag ggcagcccceg agaaccacag gtgtacacce tgcccccate
atgaccaaga accaggtcag cctgacctge ctggtcaaag gettctatce
geegtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac
ctggactceg acggctectt cttectetac agcaagetca cegtggacaa
cagcagggga acgtcttete atgeteegtg atgecatgagg ctcetgcacaa
cagaagagcce tctcectgte teecgggtaaa
<210> SEQ ID NO 20
<211> LENGTH: 450
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide
<400> SEQUENCE: 20

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro
1 5 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser

Leu His

Synthetic
cctgagactce 60
ccgeccaggcet 120
ctatgccacc 180
aaagaactca 240
ctgtaacaga 300
cgtctcttea 360
cacctctggyg 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagccce 660
cctgggggga 720
ccggacceect 780
gttcaactgg 840
gcagtacaac 900
gaatggcaag 960
aaccatctecc 1020
ccgggaggayg 1080
cagcgacatc 1140
gccteecgtg 1200
gagcaggtgg 1260
ccactacacyg 1320

1350

Synthetic

Gly Gly
15
Tyr Tyr
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Trp

Gly

Ser

65

Leu

Tyr

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

305

Glu

Lys

Thr

Thr

Glu
385
Leu

Lys

Glu

Met

Arg

50

Val

Tyr

Cys

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys

370

Ser

Asp

Ser

Ala

Asp

35

Ile

Lys

Leu

Asn

Met

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

Arg

Leu
435

20

Trp

Arg

Gly

Gln

Arg

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser

340

Pro

Val

Gly

Asp

Trp

420

His

Val

Leu

Arg

Met

85

Arg

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Gly
405

Gln

Asn

Arg

Lys

Phe

70

Asn

Asp

Val

Ser

Lys

150

Leu

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390
Ser

Gln

His

Gln

Ser

55

Thr

Ser

Glu

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

Val

Ser

Lys

Glu

Phe

375

Glu

Phe

Gly

Tyr

Ala

40

Asn

Ile

Leu

Tyr

Ser

120

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Gly

Glu

360

Tyr

Asn

Phe

Asn

Thr
440

25

Pro

Asn

Ser

Lys

Tyr

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Glu

His

Lys

Gln

345

Met

Pro

Asn

Leu

Val
425

Gln

Gly

Tyr

Arg

Thr

90

Ala

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Ala

Pro

250

Val

Val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Tyr

410

Phe

Lys

Lys

Ala

Asp

75

Glu

Met

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Pro

235

Lys

Val

Asp

Tyr

Asp

315

Leu

Arg

Lys

Asp

Lys

395

Ser

Ser

Ser

Gly

Thr

60

Asp

Asp

Asp

Lys

Gly

140

Pro

Thr

Val

Asn

Pro

220

Glu

Asp

Asp

Gly

Asn

300

Trp

Pro

Glu

Asn

Ile

380

Thr

Lys

Cys

Leu

Leu

45

Glu

Ser

Thr

Tyr

Gly

125

Gly

Val

Phe

Val

Val

205

Lys

Leu

Thr

Val

Val

285

Ser

Leu

Ala

Pro

Gln

365

Ala

Thr

Leu

Ser

Ser
445

30

Glu

Tyr

Lys

Ala

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Gln

350

Val

Val

Pro

Thr

Val
430

Leu

Trp

Ala

Asn

Val

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Gly

Met

255

His

Val

Tyr

Gly

Ile

335

Val

Ser

Glu

Pro

Val
415

Met

Ser

Val

Ala

Ser

80

Tyr

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Arg

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400
Asp

His

Pro
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Gly Lys
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 21
H: 654
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 21

gacattgtge
atctecetgea
caacagaaac
ggggtccetg
cectgtggagg
acgtteggtyg
atctteeege
aataacttct
ggtaactcce
agcaccctga
acccatcagg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccaatc
gagccagcga
caggacagcc
ccaggtttag
aggatgatge
gaggcaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgageaa
gectgagete
D NO 22

H: 218
PRT

tccaggttet
aagtgttgat
accccgacte
tggcagtggg
tgcaatgtat
getggaaatce
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac

gecegtcaca

ttggetgtgt
aattttggca
ctcatctatg
tctgggacag
ttctgtcage
aaacgtacgg
tctggaactyg
cagtggaagg
gacagcaagg
gagaaacaca

aagagcttca

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 22

Asp Ile Val
1

Gln Arg Ala
Gly Ile Ser
35

Arg Leu Leu
50

Arg Phe Ser
65

Pro Val Glu

Glu Val Pro

Thr Val Ala
115

Leu Lys Ser
130

Pro Arg Glu
145

Gly Asn Ser

Leu Thr Gln Ser Pro

5

Thr Ile Ser Cys Arg

20

Phe Met Asn Trp Phe

40

Ile Tyr Gly Ala Ser

55

Gly Ser Gly Ser Gly

70

Glu Asp Asp Ala Ala

85

Trp Thr Phe Gly Gly

100

Ala Pro Ser Val Phe

120

Gly Thr Ala Ser Val

135

Ala Lys Val Gln Trp
150

Gln Glu Ser Val Thr

Gly Ser Leu
10

Ala Ser Glu
25

Gln Gln Lys

Asn Gln Gly

Thr Asp Phe
75

Met Tyr Phe
90

Gly Thr Lys
105

Ile Phe Pro

Val Cys Leu

Lys Val Asp

155

Glu Gln Asp

ctctagggea
ttagttttat
gtgcatccaa
acttcagect
aaagtaagga
tggctgcace
cetetgttgt
tggataacgce
acagcaccta

aagtctacge

acaggggaga

Artificial Sequence:

Ala Val Ser

Ser Val Asp
30

Pro Gly Gln
45

Ser Gly Val

Ser Leu Asn

Cys Gln Gln

Leu Glu Ile
110

Pro Ser Asp
125

Leu Asn Asn
140

Asn Ala Leu

Ser Lys Asp

Synthetic
gagggccace 60
gaactggttce 120
ccaaggatcc 180
caacatccat 240
ggttcegtgg 300
atctgtcette 360
gtgcctgcectg 420
cctecaatceg 480
cagcctcage 540
ctgcgaagtce 600
gtgt 654

Synthetic

Leu Gly
15
Asn Phe
Pro Pro
Pro Ala
Ile His
80
Ser Lys
95
Lys Arg
Glu Gln
Phe Tyr
Gln Ser
160
Ser Thr
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Tyr Ser Leu

His Lys Val
195

Val Thr Lys
210

<210> SEQ I
<211> LENGT.
<212> TYPE:

165

Ser Ser Thr Leu Thr Leu

180

185

Tyr Ala Cys Glu Val Thr

200

Ser Phe Asn Arg Gly Glu

D NO 23
H: 654
DNA

215

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 23

gaaattgtgt

ctctectgea

caacagaaac

ggcatcccag

agcctagage

acctteggec

atctteeege

aataacttct

ggtaactcce

agcaccctga

acccatcagg

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacacagtc

gggccagtga

ctggccagge

ccaggttecag

ctgaagattt

aagggaccaa

catctgatga

atcccagaga

aggagagtgt

cgctgageaa

gectgagete

D NO 24

H: 218
PRT

tccagecace

atctgtggat

tcccaggete

tggcagtggg

tgcagtttat

ggtggaaatc

gcagttgaaa

ggccaaagta

cacagagcag

agcagactac

gecegtcaca

170

175

Ser Lys Ala Asp Tyr Glu Lys

190

His Gln Gly Leu Ser Ser Pro

Cys

205

ctgtetttgt ctccagggga

aacttcggga tctecttett

ctcatctatg gagcectccaa

tctgggacag acttcactct

tactgtcage aatctaaaga

aaacgtacgyg tggctgcacc

tctggaactyg cctetgttgt

cagtggaagyg tggataacgce

gacagcaagg acagcaccta

gagaaacaca aagtctacgce

aagagcttca acaggggaga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of

polyp
<400> SEQUE

Glu Ile Val
1

Glu Arg Ala

Gly Ile Ser
35

eptide

NCE: 24

Leu Thr Gln Ser Pro

Thr Leu Ser Cys Arg

20

Phe Leu Ala Trp Tyr

40

Arg Leu Leu Ile Tyr Gly Ala Ser

50

Arg Phe Ser
65

55

Gly Ser Gly Ser Gly

70

Ser Leu Glu Pro Glu Asp Phe Ala

Glu Val Pro

Thr Val Ala
115

85

Trp Thr Phe Gly Gln

100

Ala Pro Ser Val Phe

120

Ala

Ala

Gln

Asn

Thr

Val

Gly
105

Ile

Thr

10

Ser

Gln

Arg

Asp

Tyr

Thr

Phe

Artificial Sequence:

Leu Ser Leu Ser

Glu Ser Val Asp

Synthetic
aagagccacc 60
agcctggtac 120
cagggccact 180
caccatcagce 240
ggtgccatgg 300
atctgtcette 360
gtgcctgcectg 420
cctecaatceg 480
cagcctcage 540
ctgcgaagtce 600
gtgt 654

Synthetic

Pro Gly
15
Asn Phe

Lys Pro Gly Gln Ala Pro

45

Ala Thr Gly Ile

60

Phe Thr Leu Thr

75

Pro Ala

Ile Ser
80

Tyr Cys Gln Gln Ser Lys

Lys Val Glu Ile

110

Pro Pro Ser Asp

125

95

Lys Arg

Glu Gln
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94

Leu
Pro
145

Gly

Tyr

Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln
150 155

Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
165 170 175

Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
180 185 190

Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser
195 200 205

Thr Lys Ser Phe Asn Arg Gly Glu Cys
210 215

<210> SEQ ID NO 25

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

peptide

<400> SEQUENCE: 25

Asn
1

Tyr Gly Met Asn
5

<210> SEQ ID NO 26

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

peptide

<400> SEQUENCE: 26

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Tyr
Ser
160
Thr

Lys

Pro

Synthetic

Synthetic

Trp Leu Asn Thr Tyr Thr Gly Glu Ser Ile Tyr Pro Asp Asp Phe Lys

1

Gly

5 10 15

<210> SEQ ID NO 27

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 27

Gly
1

Asp Tyr Gly Tyr Asp Asp Pro Leu Asp Tyr
5 10

<210> SEQ ID NO 28

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 28

Synthetic

Synthetic

Arg Ser Ser Lys Ser Leu Leu His Thr Asn Gly Asn Thr Tyr Leu His

1

5 10 15

<210> SEQ ID NO 29
<211> LENGTH: 7
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<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 29

Arg Met Ser Val Leu Ala Ser

1

5

<210> SEQ ID NO 30
<211> LENGTH: 9

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 30

Met Gln His Leu Glu Tyr Pro Leu Thr

1

5

<210> SEQ ID NO 31
<211> LENGTH: 360

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 31

cagatccagt

tcctgcaagy

ccaggaaagg

cctgatgact

ttgcagatca

tatggttacg

tggtgcagtce
cttetgggta
gtttaaagtyg
tcaagggacyg
acaacctcaa

acgacccttt

<210> SEQ ID NO 32
<211> LENGTH: 120

<212> TYPE:

PRT

tggacctgag
taccttcaca
gatgggetygg
gtttgectte

aaatgaggac

ggactactgg

ctgaagaagc

aactatggaa

ttaaacacct

tctteggaaa

atggctacat

ggtcaaggaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 32

Gln Ile Gln Leu Val Gln Ser Gly

1

Thr Val Lys

Gly Met Asn

35

Ile Ser Cys Lys Ala

20

Trp Val Lys Gln Ala

40

Gly Trp Leu Asn Thr Tyr Thr Gly

50

Lys Gly Arg

65

Leu Gln Ile

55

Phe Ala Phe Ser Ser

70

Asn Asn Leu Lys Asn

85

Ala Arg Gly Asp Tyr Gly Tyr Asp

100

Pro Glu Leu
10

Ser Gly Tyr
25

Pro Gly Lys

Glu Ser Ile

Glu Thr Ser

75

Glu Asp Met
90

Asp Pro Leu
105

ctggagagac
tgaactgggt
acactggaga
cctetgecag
atttctgtge

cctecagteac

Artificial Sequence:

Lys Lys Pro

Thr Phe Thr
30

Gly Leu Lys
45

Tyr Pro Asp
60

Ala Ser Thr

Ala Thr Tyr

Asp Tyr Trp
110

Synthetic
Synthetic
Synthetic
agtcaagatc 60
gaagcaggct 120
gtcaatatat 180
cactgcctat 240
aagaggggac 300
cgtctectea 360
Synthetic
Gly Glu
15
Asn Tyr
Trp Met
Asp Phe
Ala Tyr
80
Phe Cys
95
Gly Gln
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Gly Thr Ser Val Thr Val Ser Ser

115

<210> SEQ ID NO 33
<211> LENGTH: 336
<212> TYPE: DNA

120

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 33
gacattgtga tgacccaggce
atctcctgeca ggtctagtaa
ttcctacaga ggccaggeca
tcaggagtce cagacaggtt
agtagagtgg aggctgagga
ctcacgtteyg gtgctgggac
<210> SEQ ID NO 34

<211> LENGTH: 112
<212> TYPE: PRT

tgcaccctet

gagtctectyg

gtctecteag

cagtggcagt

tgtgggtgtt

caagctggaa

gtacctgtca

catactaatg

ctcctgatat

gggtcaggaa

ttttactgta

ctgaaa

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 34

Asp Ile Val Met Thr Gln Ala Ala

1 5

Glu Ser Val Ser Ile Ser Cys Arg

20

Asn Gly Asn Thr Tyr Leu His Trp

35

40

Pro Gln Leu Leu Ile Tyr Arg Met

50

Asp Arg Phe Ser Gly Ser Gly Ser

65 70

Ser Arg Val Glu Ala Glu Asp Val

85

Leu Glu Tyr Pro Leu Thr Phe Gly

100

<210> SEQ ID NO 35
<211> LENGTH: 360
<212> TYPE: DNA

Pro Ser Val
10

Ser Ser Lys
25

Phe Leu Gln

Ser Val Leu

Gly Thr Ala

75

Gly Val Phe
90

Ala Gly Thr
105

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 35
caggtgcage tggtgcaatc
tcctgcaagyg cttetggata
cctggacaag ggcttgagtg
geccaggget tcacaggacyg

ctgcagatca gcagcctaaa

tgggtctgag

caccttcact

gatgggatgg

gtttgtette

ggctgaggac

ttgaagaagc

aactatggta

ctcaacacct

tccttggaca

actgcegtgt

ctcctggaga
gcaacactta
atcggatgte
ctgettteac

tgcaacatct

Artificial Sequence:

Pro Val Thr

Ser Leu Leu
30

Arg Pro Gly
45

Ala Ser Gly
60

Phe Thr Leu

Tyr Cys Met

Lys Leu Glu
110

ctggggecte
tgaattgggt
acactgggga
cctetgteag

attactgtge

Synthetic
gtcagtatcce 60
cttgcattgyg 120
cgtecttgece 180
actgagcatc 240
agaatatccyg 300

336

Synthetic

Pro Gly
15

His Thr
Gln Ser
Val Pro
Ser Ile

80

Gln His
95

Leu Lys

Synthetic
agtgaaggtt 60
gcgacaggcec 120
gtcaacgtat 180
cacggcatat 240
gagaggggac 300
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100

tatggttacg acgacccttt ggactactgg gggcaaggga ccacggtcac cgtctectca 360

<210> SEQ ID NO 36

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 36

Gln Val Gln Leu Val Gln Ser Gly Ser Glu Leu Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Leu Asn Thr Tyr Thr Gly Glu Ser Thr Tyr Ala Gln Gly Phe

Thr Gly Arg Phe Val Phe Ser Leu Asp Thr Ser Val Ser Thr Ala Tyr
65 70 75 80

Leu Gln Ile Ser Ser Leu Lys Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Asp Tyr Gly Tyr Asp Asp Pro Leu Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 37

<211> LENGTH: 360

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 37

caggtgcage tggtgcagte tggecatgag gtgaagecage ctggggecte agtgaaggte 60
tcctgcaagyg cttetgggta taccttcaca aactatggaa tgaactgggt gaaacaggec 120
cctggacaag ggcttaagtg gatgggetgg ttaaacacct acactggaga gtcaatatat 180
cctgatgact tcaagggacg gtttgectte tccagtgaca cetetgecag cacagcatac 240
ctgcagatca acaacctaaa ggctgaggac atggecatgt atttetgtge gagaggggac 300
tatggttacg acgacccttt ggactactgg gggcaaggga ccacggtcac cgtctectca 360

<210> SEQ ID NO 38

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 38

Gln Val Gln Leu Val Gln Ser Gly His Glu Val Lys Gln Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Gly Met Asn Trp Val Lys Gln Ala Pro Gly Gln Gly Leu Lys Trp Met
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-continued

102

Gly

Lys
65

Leu

Trp
50

Gly

Gln

35

Leu

Arg

Ile

Asn

Phe

Asn

Thr

Ala

Asn

40

Tyr Thr Gly
55

Phe Ser Ser
70

Ala Arg Gly

Gly Thr Thr
115

85

Leu Lys Ala

Asp Tyr Gly Tyr Asp

100

Val Thr Val Ser Ser

<210> SEQ ID NO 39
<211> LENGTH: 336

<212> TYPE:

DNA

120

Glu

Asp

Glu

Asp
105

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 39

gatattgtga

atctecetgea

tacctgcaga

tctggagtec

agcagggtgg

ctgacctteg

tgacccagac

ggtctagtaa

agccagggcea

cagacaggtt

aggctgagga

dcggagggac

<210> SEQ ID NO 40
<211> LENGTH: 336

<212> TYPE:

DNA

tccactctec

gtctetgety

gtctccacag

cagtggcagt

tgttggagtt

caaggtggag

Ser

Thr

Asp

90

Pro

Ile Tyr
60

Ser Ala
75

Met Ala

45

Pro

Ser

Asp

Thr

Asp

Ala

Phe

Tyr
80

Met Tyr

Leu Asp Tyr Trp
110

ctgeccegtea ccectggaga

cataccaacyg ggaacaccta

ctcectgatet ataggatgte

gggtcaggca ctgatttcac

tattactgca tgcagcatct

atcaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 40

gatattgtga

atctecetgea

tacctgcaga

tcaggagtcc

agcagggtgg

ctcacgtteg

tgacccagac

ggtctagtaa

agccagggcea

cagacaggtt

aggctgagga

dcggagggac

<210> SEQ ID NO 41
<211> LENGTH: 112

<212> TYPE:

PRT

tccactctec

gagtctectyg

gtctccacag

cagtggcagt

tgttggagtt

caaggtggag

ctgeccegtea ccectggaga

catactaatg gcaacactta

ctcectgatat atcggatgte

gggtcaggca ctgatttcac

tattactgca tgcaacatct

atcaaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<400> SEQUENCE: 41

Phe Cys
95

Gly Gln

Synthetic
gccggectece 60
tttggactgyg 120
ctatcgggcece 180
actgaaaatc 240
ggagtatcca 300

336

Synthetic
gccggectece 60
cttgcattgyg 120
cgtecttgece 180
actgaaaatc 240
agaatatccyg 300

336

Synthetic

Asp Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Thr Pro Gly

1

5

10

15

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Thr

20

25

30
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104

Asn Gly Asn
35

Pro Gln Leu
50

Asp Arg Phe
65

Ser Arg Val

Leu Glu Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Tyr Leu His Trp

Leu Ile Tyr Arg Met

55

Ser Gly Ser Gly Ser

70

Glu Ala Glu Asp Val

85

Pro Leu Thr Phe Gly

100

D NO 42
H: 1350
DNA

Tyr Leu Gln

Ser Val Leu

Gly Thr Asp

75

Gly Val Tyr
90

Gly Gly Thr
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 42

cagatccagt

tcctgcaagy

ccaggaaagg

cctgatgact

ttgcagatca

tatggttacg

gctagcacca

ggcacagcgg

tggaactcag

ggactctact

tacatctgca

aaatcttgtg

ccegteagtet

gaggtcacat

tacgtggacyg

agcacgtacc

gagtacaagt

aaagccaaag

atgaccaaga

geegtggagt

ctggacteeg

cagcagggga

cagaagagcc

<210> SEQ I

<211> LENGT.
<212> TYPE:

tggtgcagtce

cttetgggta

gtttaaagtyg

tcaagggacyg

acaacctcaa

acgacccttt

agggcccatce

cecectgggety

gegecctgac

cccteageag

acgtgaatca

acaaaactca

tcctettece

gegtggtggt

gegtggaggt

gtgtggtcag

gcaaggtete

ggcagccecyg

accaggtcag

gggagagcaa

acggctectt

acgtcttete

tctecetgte

D NO 43

H: 450
PRT

tggacctgag

taccttcaca

gatgggctgg

gtttgectte

aaatgaggac

ggactactgg

ggtettecce

cctggtcaag

cagcggegtyg

cgtggtgace

caagcccage

cacatgccca

cccaaaaccce

ggacgtgagc

gcataatgce

cgtecteace

caacaaagcc

agaaccacag

cctgacctge

tgggcagccg

cttectectac

atgcteegtyg

tccgggtaaa

ctgaagaagc

aactatggaa

ttaaacacct

tctteggaaa

atggctacat

ggtcaaggaa

ctggcacect

gactacttce

cacaccttcee

gtgcccteca

aacaccaagg

cegtgeccag

aaggacaccc

cacagagacc

aagacaaagc

gtcetgcace

ctceccagece

gtgtacacce

ctggtcaaag

gagaacaact

agcaagctca

atgcatgagg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Lys Pro Gly
45

Ala Ser Gly
60

Phe Thr Leu

Tyr Cys Met

Lys Val Glu
110

ctggagagac
tgaactgggt
acactggaga
cctetgecag
atttctgtge
cctecagteac
cctecaagag
ccgaaccggt
cggetgtect
gcagettggg
tggacaagaa
cacctgaact
tcatgatcte
ctgaggtcaa
cgcgggagga
aggactgget
ccatcgagaa
tgcccecate
gettetatcee
acaagaccac
ccgtggacaa

ctctgcacaa

Gln Ser

Val Pro

Lys Ile

80

Gln His
95

Ile Lys

Synthetic
agtcaagatc 60
gaagcaggct 120
gtcaatatat 180
cactgcctat 240
aagaggggac 300
cgtctectea 360
cacctctggyg 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagccce 660
cctgggggga 720
ccggacceect 780
gttcaactgg 840
gcagtacaac 900
gaatggcaag 960
aaccatctecc 1020
ccgggaggayg 1080
cagcgacatc 1140
gccteecgtg 1200
gagcaggtgg 1260
ccactacacyg 1320

1350
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105

-continued

106

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide
<400> SEQUENCE: 43

Gln Ile Gln Leu Val Gln Ser Gly Pro Glu Leu Lys Lys Pro Gly
1 5 10 15

Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn
20 25 30

Gly Met Asn Trp Val Lys Gln Ala Pro Gly Lys Gly Leu Lys Trp
35 40 45

Gly Trp Leu Asn Thr Tyr Thr Gly Glu Ser Ile Tyr Pro Asp Asp
50 55 60

Lys Gly Arg Phe Ala Phe Ser Ser Glu Thr Ser Ala Ser Thr Ala
65 70 75

Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Met Ala Thr Tyr Phe
85 90 95

Ala Arg Gly Asp Tyr Gly Tyr Asp Asp Pro Leu Asp Tyr Trp Gly
100 105 110

Gly Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
145 150 155

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
165 170 175

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
180 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His
195 200 205

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys
210 215 220

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
225 230 235

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
245 250 255

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His
260 265 270

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
290 295 300

Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly
305 310 315

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile
325 330 335

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val
340 345 350

Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser
355 360 365

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
370 375 380

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
385 390 395

Synthetic

Glu

Tyr

Met

Phe

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Arg

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400
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108

Leu Asp Ser

Lys Ser Arg

Glu Ala Leu
435

Gly Lys
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Gly Ser Phe Phe

405

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser

420

His Asn His Tyr Thr

D NO 44
H: 1338
DNA

440

Leu Tyr Ser Lys Leu Thr

410

425

Gln Lys Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn
<400> SEQUE:
cagatccagt
teetgcaagy
ccaggaaagg
cctgatgact
ttgcagatca
tatggttacyg
gctagcacca
agcacagcgg
tggaactcag
ggactctact
tacacctgca
aaatgttgtg
ctetteccce
gtggtggtgg
gtggaggtge
gtggtcageg
aaggtctcca
cagceccgag
caggtcagcce
gagagcaatg
ggctecttet
gtcttcteat
tcectgtete
<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

ucleotide

NCE: 44

tggtgcagtce

cttetgggta

gtttaaagtyg

tcaagggacyg

acaacctcaa

acgacccttt

agggcccatce

cecectgggety

gegetetgac

cccteageag

acgtagatca

tcgagtgece

caaaacccaa

acgtgagceca

ataatgccaa

tcctecacegt

acaaaggcct

aaccacaggt

tgacctgect

ggcagccgga

tcctectacag

getecgtgat

cgggtaaa

D NO 45

H: 446
PRT

tggacctgag
taccttcaca
gatgggctgg
gtttgectte
aaatgaggac
ggactactgg
ggtettecce
cctggtcaag
cagcggegtyg
cgtggtgace
caagcccage
accgtgecca
ggacacccte
cgaagacccc
gacaaagcca
tgtgcaccag
cccagecaed
gtacaccctyg
ggtcaaaggce
gaacaactac

caagctcace

gecatgaggcet

ctgaagaagc
aactatggaa
ttaaacacct
tctteggaaa
atggctacat
ggtcaaggaa
ctggegeect
gactacttce
cacaccttee
gtgcccteca
aacaccaagg
gcaccacctyg
atgatctecce
gaggtccagt
cgggaggage
gactggctga
atcgagaaaa
cccecatece
ttctacccca
aagaccacgc
gtggacaaga

ctgcacaacc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyp

eptide

Leu Ser Leu

445

ctggagagac

tgaactgggt

acactggaga

cctetgecag

atttctgtge

cctecagteac

gctecaggag

ccgaaccggt

cagctgtect

gcaacttegg

tggacaagac

tggcaggacc

ggaccectga

tcaactggta

agttcgccag

acggcaagga

ccatctccaa

gggaggagat

gegacatege

ctcecatget

gcaggtggca

actacacgca

Val
430

Val Asp
415

Met His

Ser Pro

Synthetic
agtcaagatc 60
gaagcaggct 120
gtcaatatat 180
cactgcctat 240
aagaggggac 300
cgtctectea 360
cacctcecgag 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagcgce 660
gtcagtctte 720
ggtcacgtgce 780
cgtggacggce 840
cacgttcegt 900
gtacaagtgce 960
aaccaaaggyg 1020
gaccaagaac 1080
cgtggagtgyg 1140
ggactccgac 1200
gcaggggaac 1260
gaagagccte 1320

1338

Synthetic
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110

<400> SEQUENCE:

Gln

1

Thr

Gly

Gly

Lys

65

Leu

Ala

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Glu

225

Leu

Glu

Gln

Lys

Leu

305

Lys

Lys

Ser

Lys

Gln
385

Gly

Ile

Val

Met

Trp

Gly

Gln

Arg

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Cys

Phe

Val

Phe

Pro

290

Thr

Val

Thr

Arg

Gly

370

Pro

Ser

Gln

Lys

Asn

35

Leu

Arg

Ile

Gly

Ser

115

Leu

Cys

Ser

Ser

Asn

195

Asn

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Glu
355
Phe

Glu

Phe

Leu

Ile

20

Trp

Asn

Phe

Asn

Asp

100

Val

Ala

Leu

Gly

Ser

180

Phe

Thr

Pro

Pro

Cys

260

Trp

Glu

Val

Asn

Gly

340

Glu

Tyr

Asn

Phe

Val

Ser

Val

Thr

Ala

Asn

85

Tyr

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Met

Pro

Asn

Leu
405

Gln

Cys

Lys

Tyr

Phe

70

Leu

Gly

Val

Cys

Lys

150

Leu

Leu

Thr

Val

Pro

230

Pro

Val

Val

Gln

Gln

310

Gly

Pro

Thr

Ser

Tyr
390

Tyr

Ser

Lys

Gln

Thr

55

Ser

Lys

Tyr

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Ala

Lys

Val

Asp

Phe

295

Asp

Leu

Arg

Lys

Asp

375

Lys

Ser

Gly

Ala

Ala

40

Gly

Ser

Asn

Asp

Ser

120

Arg

Tyr

Ser

Ser

Thr

200

Lys

Pro

Asp

Asp

Gly

280

Ala

Trp

Pro

Glu

Asn
360
Ile

Thr

Lys

Pro

Ser

25

Pro

Glu

Glu

Glu

Asp

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Thr

Pro

Thr

Val

265

Val

Ser

Leu

Ala

Pro

345

Gln

Ala

Thr

Leu

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Pro

Ser

Thr

Pro

Val

170

Ser

Thr

Val

Val

Leu

250

Ser

Glu

Thr

Asn

Pro

330

Gln

Val

Val

Pro

Thr
410

Leu

Tyr

Lys

Ile

Ser

75

Met

Leu

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Ala

235

Met

His

Val

Phe

Gly

315

Ile

Val

Ser

Glu

Pro
395

Val

Lys

Thr

Gly

Tyr

60

Ala

Ala

Asp

Lys

Glu

140

Pro

Thr

Val

Asn

Arg

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Leu

Trp
380

Met

Asp

Lys

Phe

Leu

45

Pro

Ser

Thr

Tyr

Gly

125

Ser

Val

Phe

Val

Val

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Thr
365
Glu

Leu

Lys

Pro

Thr

30

Lys

Asp

Thr

Tyr

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asp

Cys

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Cys

Ser

Asp

Ser

Gly

15

Asn

Trp

Asp

Ala

Phe

95

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Leu

Asn

Ser

Arg
415

Glu

Tyr

Met

Phe

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Val

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Val

Gly

Asp

400

Trp
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-continued

112

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
420 425 430

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> SEQ ID NO 46

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<400> SEQUENCE: 46
caggtgcage tggtgcaate tgggtctgag ttgaagaage ctggggecte
tcctgcaagg cttetggata caccttcact aactatggta tgaattgggt
cctggacaag ggcttgagtg gatgggatgg ctcaacacct acactgggga
geccaggget tcacaggacg gtttgtcette tecttggaca cctetgteag
ctgcagatca gcagectaaa ggctgaggac actgeegtgt attactgtge
tatggttacg acgacccttt ggactactgg gggcaaggga ccacggtcac
getagcacca agggcccatce ggtcettecce ctggcaccct cctccaagag
ggcacagcegg ccectgggetyg cetggtcaag gactacttee ccgaaceggt
tggaactcag gcgcectgac cageggegtg cacaccttece cggetgtect
ggactctact ccctcagcag cgtggtgace gtgccctceca geagettggg
tacatctgca acgtgaatca caagcccage aacaccaadg tggacaagaa
aaatcttgtg acaaaactca cacatgecca cegtgeccag cacctgaact
cegtcagtet tectettece cccaaaacce aaggacacce tcatgatcte
gaggtcacat gcgtggtggt ggacgtgage cacagagacce ctgaggtcaa
tacgtggacg gcgtggaggt gcataatgec aagacaaagce cgcgggagga
agcacgtacce gtgtggtcag cgtectcace gtectgcace aggactgget
gagtacaagt gcaaggtctc caacaaagcce ctcccagcce ccatcgagaa
aaagccaaag ggcagcccceg agaaccacag gtgtacacce tgcccccate
atgaccaaga accaggtcag cctgacctge ctggtcaaag gettctatce
geegtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac
ctggactceg acggctectt cttectetac agcaagetca cegtggacaa
cagcagggga acgtcttete atgeteegtg atgecatgagg ctcetgcacaa
cagaagagcce tctcectgte teecgggtaaa
<210> SEQ ID NO 47
<211> LENGTH: 450
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide
<400> SEQUENCE: 47

Gln Val Gln Leu Val Gln Ser Gly Ser Glu Leu Lys Lys Pro
1 5 10

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr

Leu His

Synthetic
agtgaaggtt 60
gcgacaggcec 120
gtcaacgtat 180
cacggcatat 240
gagaggggac 300
cgtctectea 360
cacctctggyg 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagccce 660
cctgggggga 720
ccggacceect 780
gttcaactgg 840
gcagtacaac 900
gaatggcaag 960
aaccatctecc 1020
ccgggaggayg 1080
cagcgacatc 1140
gccteecgtg 1200
gagcaggtgg 1260
ccactacacyg 1320

1350

Synthetic

Gly Ala
15
Asn Tyr
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114

Gly

Gly

Thr

65

Leu

Ala

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

305

Glu

Lys

Thr

Thr

Glu
385
Leu

Lys

Glu

Met

Trp

50

Gly

Gln

Arg

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys

370

Ser

Asp

Ser

Ala

Asn

35

Leu

Arg

Ile

Gly

Thr

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

Arg

Leu
435

20

Trp

Asn

Phe

Ser

Asp

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser

340

Pro

Val

Gly

Asp

Trp

420

His

Val

Thr

Val

Ser

Tyr

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Gly
405

Gln

Asn

Arg

Tyr

Phe

70

Leu

Gly

Val

Ser

Lys

150

Leu

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390
Ser

Gln

His

Gln

Thr

55

Ser

Lys

Tyr

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

Val

Ser

Lys

Glu

Phe

375

Glu

Phe

Gly

Tyr

Ala

40

Gly

Leu

Ala

Asp

Ser

120

Lys

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Gly

Glu

360

Tyr

Asn

Phe

Asn

Thr
440

25

Pro

Glu

Asp

Glu

Asp

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Glu

His

Lys

Gln

345

Met

Pro

Asn

Leu

Val
425

Gln

Gly

Ser

Thr

Asp

Pro

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Ala

Pro

250

Val

Val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Tyr

410

Phe

Lys

Gln

Thr

Ser

75

Thr

Leu

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Pro

235

Lys

Val

Asp

Tyr

Asp

315

Leu

Arg

Lys

Asp

Lys

395

Ser

Ser

Ser

Gly

Tyr

60

Val

Ala

Asp

Lys

Gly

140

Pro

Thr

Val

Asn

Pro

220

Glu

Asp

Asp

Gly

Asn

300

Trp

Pro

Glu

Asn

Ile

380

Thr

Lys

Cys

Leu

Leu

45

Ala

Ser

Val

Tyr

Gly

125

Gly

Val

Phe

Val

Val

205

Lys

Leu

Thr

Val

Val

285

Ser

Leu

Ala

Pro

Gln

365

Ala

Thr

Leu

Ser

Ser
445

30

Glu

Gln

Thr

Tyr

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Gln

350

Val

Val

Pro

Thr

Val
430

Leu

Trp

Gly

Ala

Tyr

95

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Gly

Met

255

His

Val

Tyr

Gly

Ile

335

Val

Ser

Glu

Pro

Val
415

Met

Ser

Met

Phe

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Arg

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400
Asp

His

Pro
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116

Gly Lys
450

<210> SEQ ID NO 48
<211> LENGTH: 1350

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 48

caggtgcage

tcctgcaagy

cctggacaag

cctgatgact

ctgcagatca

tatggttacg

gctagcacca

ggcacagcgg

tggaactcag

ggactctact

tacatctgca

aaatcttgtg

ccegteagtet

gaggtcacat

tacgtggacyg

agcacgtacc

gagtacaagt

aaagccaaag

atgaccaaga

geegtggagt

ctggacteeg

cagcagggga

cagaagagcc

tggtgcagtce

cttetgggta

ggcttaagtyg

tcaagggacyg

acaacctaaa

acgacccttt

agggcccatce

cecectgggety

gegecctgac

cccteageag

acgtgaatca

acaaaactca

tcctettece

gegtggtggt

gegtggaggt

gtgtggtcag

gcaaggtete

ggcagccecyg

accaggtcag

gggagagcaa

acggctectt

acgtcttete

tctecetgte

<210> SEQ ID NO 49
<211> LENGTH: 450

<212> TYPE:

PRT

tggccatgag
taccttcaca
gatgggctgg
gtttgectte
ggctgaggac
ggactactgg
ggtettecce
cctggtcaag
cagcggegtyg
cgtggtgace
caagcccage
cacatgccca
cccaaaaccc
ggacgtgage
gcataatgce
cgtecteace
caacaaagcc
agaaccacag
cctgacctge
tgggcagecg
cttectetac
atgcteegtyg

tccgggtaaa

gtgaagcagce
aactatggaa
ttaaacacct
tccagtgaca
atggccatgt
gggcaaggga
ctggcacect
gactacttce
cacaccttee
gtgcccteca
aacaccaagg
cegtgeccag
aaggacaccc
cacagagacc
aagacaaagc
gtcetgcace
ctceccagece
gtgtacacce
ctggtcaaag
gagaacaact

agcaagctca

atgcatgagg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<400> SEQUENCE: 49

ctggggecte

tgaactgggt

acactggaga

cctetgecag

atttctgtge

ccacggtcac

cctecaagag

ccgaaccggt

cggetgtect

gcagcttggg

tggacaagaa

cacctgaact

tcatgatcte

ctgaggtcaa

c¢gcgggagga

aggactgget

ccatcgagaa

tgcccecate

gettetatcee

acaagaccac

ccgtggacaa

ctctgcacaa

Synthetic
agtgaaggtc 60
gaaacaggcce 120
gtcaatatat 180
cacagcatac 240
gagaggggac 300
cgtctectea 360
cacctctggyg 420
gacggtgtcg 480
acagtcctca 540
cacccagacce 600
agttgagccce 660
cctgggggga 720
ccggacceect 780
gttcaactgg 840
gcagtacaac 900
gaatggcaag 960
aaccatctecc 1020
ccgggaggayg 1080
cagcgacatc 1140
gccteecgtg 1200
gagcaggtgg 1260
ccactacacyg 1320

1350

Synthetic

Gln Val Gln Leu Val Gln Ser Gly His Glu Val Lys Gln Pro Gly Ala

1

5

10

15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr

20

25

30

Gly Met Asn Trp Val Lys Gln Ala Pro Gly Gln Gly Leu Lys Trp Met



117

US 9,382,321 B2

-continued

118

Gly

Lys

65

Leu

Ala

Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

305

Glu

Lys

Thr

Thr

Glu

385

Leu

Lys

Glu

Gly

Trp

50

Gly

Gln

Arg

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys

370

Ser

Asp

Ser

Ala

Lys
450

35

Leu

Arg

Ile

Gly

Thr

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

Arg

Leu
435

Asn

Phe

Asn

Asp

100

Val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser

340

Pro

Val

Gly

Asp

Trp

420

His

Thr

Ala

Asn

85

Tyr

Thr

Pro

Val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Gly
405

Gln

Asn

Tyr

Phe

70

Leu

Gly

Val

Ser

Lys

150

Leu

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390
Ser

Gln

His

Thr

55

Ser

Lys

Tyr

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

Val

Ser

Lys

Glu

Phe

375

Glu

Phe

Gly

Tyr

40

Gly

Ser

Ala

Asp

Ser

120

Lys

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Gly

Glu

360

Tyr

Asn

Phe

Asn

Thr
440

Glu

Asp

Glu

Asp

105

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Glu

His

Lys

Gln

345

Met

Pro

Asn

Leu

Val
425

Gln

Ser

Thr

Asp

90

Pro

Ser

Thr

Pro

Val

170

Ser

Ile

Val

Ala

Pro

250

Val

Val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Tyr

410

Phe

Lys

Ile

Ser

75

Met

Leu

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Pro

235

Lys

Val

Asp

Tyr

Asp

315

Leu

Arg

Lys

Asp

Lys

395

Ser

Ser

Ser

Tyr

60

Ala

Ala

Asp

Lys

Gly

140

Pro

Thr

Val

Asn

Pro

220

Glu

Asp

Asp

Gly

Asn

300

Trp

Pro

Glu

Asn

Ile

380

Thr

Lys

Cys

Leu

45

Pro

Ser

Met

Tyr

Gly

125

Gly

Val

Phe

Val

Val

205

Lys

Leu

Thr

Val

Val

285

Ser

Leu

Ala

Pro

Gln

365

Ala

Thr

Leu

Ser

Ser
445

Asp

Thr

Tyr

Trp

110

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Gln

350

Val

Val

Pro

Thr

Val
430

Leu

Asp

Ala

Phe

95

Gly

Ser

Ala

Val

Ala

175

Val

His

Cys

Gly

Met

255

His

Val

Tyr

Gly

Ile

335

Val

Ser

Glu

Pro

Val
415

Met

Ser

Phe

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val

Pro

Lys

Asp

Gly

240

Ile

Arg

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400
Asp

His

Pro
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 50
H: 657
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 50

gacattgtga
atctecetgea
ttcctacaga
tcaggagtcc
agtagagtgg
ctcacgtteg
ttcatcttcec
ctgaataact
tcgggtaact
agcagcaccc
gtcacccatce
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagge
ggtctagtaa
ggccaggeca
cagacaggtt
aggctgagga
gtgctgggac
cgccatctga
tctatcccag
cccaggagag
tgacgctgag
agggectgag
D NO 51

H: 219
PRT

tgcaccctet

gagtctectyg

gtctecteag

cagtggcagt

tgtgggtgtt

caagctggaa

tgagcagttyg

agaggccaaa

tgtcacagag

caaagcagac

ctegeeegte

gtacctgtca

catactaatg

ctcctgatat

gggtcaggaa

ttttactgta

ctgaaacgta

aaatctggaa

gtacagtgga

caggacagca

tacgagaaac

acaaagagct

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 51

Asp Ile Val
1

Glu Ser Val

Asn Gly Asn
35

Pro Gln Leu
50

Asp Arg Phe

Ser Arg Val

Leu Glu Tyr

Arg Thr Val
115

Gln Leu Lys
130

Tyr Pro Arg
145

Ser Gly Asn

Thr Tyr Ser

Met Thr Gln Ala Ala

Ser Ile Ser Cys Arg

20

Thr Tyr Leu His Trp

40

Leu Ile Tyr Arg Met

55

Ser Gly Ser Gly Ser

Glu Ala Glu Asp Val

85

Pro Leu Thr Phe Gly

100

Ala Ala Pro Ser Val

120

Ser Gly Thr Ala Ser

135

Glu Ala Lys Val Gln
150

Ser Gln Glu Ser Val

165

Leu Ser Ser Thr Leu

Pro Ser Val
10

Ser Ser Lys
25

Phe Leu Gln

Ser Val Leu

Gly Thr Ala
75

Gly Val Phe
90

Ala Gly Thr
105

Phe Ile Phe

Val Val Cys

Trp Lys Val

155

Thr Glu Gln
170

Thr Leu Ser

ctcctggaga

gcaacactta

atcggatgte

ctgettteac

tgcaacatct

cggtggctgc

ctgectetgt

aggtggataa

aggacagcac

acaaagtcta

tcaacagggyg

Artificial Sequence:

Pro Val Thr

Ser Leu Leu
30

Arg Pro Gly
45

Ala Ser Gly
60

Phe Thr Leu

Tyr Cys Met

Lys Leu Glu
110

Pro Pro Ser
125

Leu Leu Asn
140
Asp Asn Ala

Asp Ser Lys

Lys Ala Asp

gtcagtatce
cttgcattygyg
cgtecttgee
actgagcatc
agaatatccg
accatctgte
tgtgtgecety
cgcectecaa
ctacagecte
cgectgegaa

agagtgt

Pro Gly
15

His Thr

Gln Ser

Val Pro

Ser Ile

Gln His

95

Leu Lys

Asp Glu

Asn Phe

Leu Gln
160

Asp Ser
175

Tyr Glu

Synthetic

60

120

180

240

300

360

420

480

540

600

657

Synthetic
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122

180

185

190

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser

195

200

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 52
H: 657
DNA

215

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUE:
gatattgtga
atctecetgea
tacctgcaga
tcaggagtcc
agcagggtgg
ctcacgtteg
ttcatcttcec
ctgaataact
tcgggtaact
agcagcaccc
gtcacccatce
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 52

tgacccagac

ggtctagtaa

agccagggcea

cagacaggtt

aggctgagga

dcggagggac

cgccatctga

tctatcccag

cccaggagag

tgacgctgag

agggcctgag

D NO 53

H: 219
PRT

tccactctec

gagtctectyg

gtctccacag

cagtggcagt

tgttggagtt

caaggtggag

tgagcagttyg

agaggccaaa

tgtcacagag

caaagcagac

ctegeeegte

ctgccegtea
catactaatg
ctcctgatat
gggtcaggca
tattactgca
atcaaacgta
aaatctggaa
gtacagtgga
caggacagca
tacgagaaac

acaaagagct

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of

polyp

eptide

<400> SEQUENCE: 53

Asp Ile Val
1

Glu Pro Ala

Met Thr Gln Thr Pro

5

Ser Ile Ser Cys Arg

20

Asn Gly Asn Thr Tyr Leu His Trp

35

Pro Gln Leu Leu Ile Tyr Arg Met

50

Asp Arg Phe

65

Ser Arg Val

Leu Glu Tyr

Arg Thr Val
115

Gln Leu Lys
130

55

Ser Gly Ser Gly Ser

70

Glu Ala Glu Asp Val

85

Pro Leu Thr Phe Gly

100

Ala Ala Pro Ser Val

120

Ser Gly Thr Ala Ser

135

Leu Ser Leu
10

Ser Ser Lys
25

Tyr Leu Gln

Ser Val Leu

Gly Thr Asp
75

Gly Val Tyr
90

Gly Gly Thr
105

Phe Ile Phe

Val Val Cys

205

ccectggaga
gcaacactta
atcggatgte
ctgatttcac
tgcaacatct
cggtggetge
ctgectetgt
aggtggataa
aggacagcac
acaaagtcta

tcaacagggyg

Artificial Sequence:

Pro Val Thr

Synthetic
gccggectece 60
cttgcattgyg 120
cgtecttgece 180
actgaaaatc 240
agaatatccyg 300
accatctgtce 360
tgtgtgectyg 420
cgcectecaa 480
ctacagcctce 540
cgecctgegaa 600
agagtgt 657

Synthetic

Pro Gly

15

Ser Leu Leu His Thr

30

Lys Pro Gly Gln Ser

45

Ala Ser Gly Val Pro

60

Phe Thr Leu Lys Ile

Tyr Cys Met

80

Gln His
95

Lys Val Glu Ile Lys

110

Pro Pro Ser

125

Asp Glu

Leu Leu Asn Asn Phe

140
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-continued

B2

124

Tyr

145

Ser

Thr

Lys

Pro

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln

150 155

Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp
165 170 175

160

Ser

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu

180 185 190

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser
195 200 205

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
210 215

<210> SEQ ID NO 54

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

peptide

<400> SEQUENCE: 54

Ser
1

Tyr Gly Met His
5

<210> SEQ ID NO 55

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

peptide

<400> SEQUENCE: 55

1

Gly

10 15

<210> SEQ ID NO 56

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 56

Asp
1

Leu Gly Ala Ala Ala Ser Asp Tyr
5

<210> SEQ ID NO 57

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 57

Arg
1

Ala Ser Gln Gly Ile Asn Ser Ala Leu Ala
5 10

<210> SEQ ID NO 58

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Ser

Synthetic

Synthetic

Val Ile Trp Tyr Asp Gly Ser Asn Tyr Tyr Tyr Thr Asp Ser Val Lys
5

Synthetic

Synthetic
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126

<223> OTHER INFORMATION: Description of Artificial Sequence:

pepti

de

<400> SEQUENCE: 58

Asp Ala Ser Ser Leu Glu Ser

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 59
H: 9
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

pepti

RE:

de

<400> SEQUENCE: 59

Gln Gln Phe Asn Ser Tyr Pro His Thr

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5
D NO 60
H: 354

DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 60

caggtgcacc

tcctgtgeag

ccaggcaagg

acagactccg

ctgcaaatga

dgggcageag

<210> SEQ I
<211> LENGT.
<212> TYPE:

tggtggagtc
cgtetggatt
ggctggagtg
tgaagggceg
acagcctgag
cttetgacta
D NO 61

H: 118
PRT

tgggggaggce

caccttcagt

ggtggcagtt

attcaccatc

agccgaggac

ctggggccag

gtggtccage
agctatggea
atatggtatg
tccagagaca
acggctgtgt

ggaaccctygg

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp
<400> SEQUE

Gln Val His
1

Ser Leu Arg

Gly Met His
35

Ala Val Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Asp

Leu Val Thr
115

RE:
eptide

NCE: 61

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Trp Tyr Asp Gly Ser

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Leu Gly Ala Ala Ala

100

Val Ser Ser

Gly Gly Val

Ser Gly Phe
25

Pro Gly Lys

Asn Tyr Tyr

Asp Asn Ser

75

Glu Asp Thr
90

Ser Asp Tyr
105

ctgggaggtc

tgcactgggt

atggaagtaa

attccaagaa

attactgtge

tcaccgtete

Artificial Sequence:

Val Gln Pro

Thr Phe Ser
30

Gly Leu Glu
45

Tyr Thr Asp
60

Lys Asn Thr

Ala Val Tyr

Trp Gly Gln
110

ued
Synthetic
Synthetic
Synthetic
cctgagactce 60
ccgeccaggcet 120
ttactactat 180
cacgctgtat 240
gagagatctg 300
ctca 354
Synthetic
Gly Arg
15
Ser Tyr
Trp Val
Ser Val
Leu Tyr
80
Tyr Cys
95
Gly Thr
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 62
H: 321
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 62

gccatccagt

atcacttgee

gggaaagctce

aggttcageg

gaagattttyg

gggaccaagce

<210> SEQ I
<211> LENGT.
<212> TYPE:

tgacccagte
gggcaagtca
ctaagctect
gcagtggatce
caacttatta
tggagatcaa
D NO 63

H: 107
PRT

tccatcectcec

gggcattaac

gatctatgat

tgggacagat

ctgtcaacag

a

ctgtctgeat
agtgctttag
gectcecagtt
ttcactctca

tttaatagtt

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 63

Ala Ile Gln
1

Asp Arg Val
Leu Ala Trp
35

Tyr Asp Ala
50

Ser Gly Ser

Glu Asp Phe

Thr Phe Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

Thr Ile Thr Cys Arg

20

Tyr Gln Gln Lys Pro

40

Ser Ser Leu Glu Ser

55

Gly Thr Asp Phe Thr

Ala Thr Tyr Tyr Cys

85

Gln Gly Thr Lys Leu

100

D NO 64
H: 1344
DNA

Ser Ser Leu
10

Ala Ser Gln
25

Gly Lys Ala

Gly Val Pro

Leu Thr Ile

Gln Gln Phe

90

Glu Ile Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 64

caggtgcacc

tcctgtgeag

ccaggcaagg

acagactccg

ctgcaaatga

dgggcageag

tggtggagtc

cgtetggatt

ggctggagtg

tgaagggccg

acagcctgag

cttetgacta

tgggggaggce

caccttcagt

ggtggcagtt

attcaccatc

agccgaggac

ctggggccag

gtggtccage

agctatggea

atatggtatg

tccagagaca

acggctgtgt

ggaaccctygg

ctgtaggaga
cctggtatca
tggaaagtgg
ccatcagcag

accctcatac

Artificial Sequence:

Ser Ala Ser

Gly Ile Asn
30

Pro Lys Leu
45

Ser Arg Phe
60

Ser Ser Leu

Asn Ser Tyr

ctgggaggte
tgcactgggt
atggaagtaa
attccaagaa
attactgtge

tcaccgtete

Synthetic
cagagtcacc 60
gcagaaacca 120
ggtcccatca 180
cctgcagect 240
ttttggecag 300

321

Synthetic

Val Gly
15

Ser Ala
Leu Ile
Ser Gly
Gln Pro

80

Pro His
95

Synthetic
cctgagactce 60
ccgeccaggcet 120
ttactactat 180
cacgctgtat 240
gagagatctg 300
ctcagctage 360
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accaagggcec

geggecctgg

tcaggegece

tactccctca

tgcaacgtga

tgtgacaaaa

gtcttectet

acatgcgtygg

gacggegtgg

taccgtgtygg

aagtgcaagg

aaagggcagce

aagaaccagg

gagtgggaga

tcegacgget

gggaacgtcet
agcctetece
<210> SEQ I

<211> LENGT.
<212> TYPE:

catcggtett

getgectggt

tgaccagegyg

gcagegtggt

atcacaagcc

ctcacacatg

tccecccaaa

tggtggacgt

aggtgcataa

tcagcgtect

tctccaacaa

cccgagaace

tcagcctgac

gcaatgggca

ccttettect

tctecatgete

tgtcteegygy

D NO 65
H: 448
PRT

ccecectggea

caaggactac

cgtgcacacc

gaccgtgece

cagcaacacc

cccacegtge

acccaaggac

gagccacaga

tgccaagaca

caccgtectyg

agccctecaca

acaggtgtac

ctgectggte

geccggagaac

ctacagcaag

cgtgatgeat

taaa

ccctecteca agagcaccte

ttcececcgaac cggtgacggt

ttceceggetyg tectacagte

tccagcaget tgggcaccca

aaggtggaca agaaagttga

ccagcacctyg aactcctggyg

accctcatga tcteccggac

gaccctgagg tcaagttcaa

aagccgeggy aggagcagta

caccaggact ggctgaatgg

gececcateg agaaaaccat

accctgecce catcceggga

aaaggcttet atcccagega

aactacaaga ccacgcctec

ctcaccgtgyg acaagagcag

gaggctctge acaaccacta

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of

polyp

eptide

<400> SEQUENCE: 65

Gln Val His
1

Ser Leu Arg

Gly Met His
35

Ala Val Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Asp

Leu Val Thr
115

Leu Ala Pro
130

Cys Leu Val
145

Ser Gly Ala

Ser Ser Gly

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Trp Tyr Asp Gly Ser

55

Phe Thr Ile Ser Arg

Asn Ser Leu Arg Ala

85

Leu Gly Ala Ala Ala

100

Val Ser Ser Ala Ser

120

Ser Ser Lys Ser Thr

135

Lys Asp Tyr Phe Pro
150

Leu Thr Ser Gly Val

165

Leu Tyr Ser Leu Ser

Gly

Ser

25

Pro

Asn

Asp

Glu

Ser

105

Thr

Ser

Glu

His

Ser

Gly

10

Gly

Gly

Tyr

Asn

Asp

90

Asp

Lys

Gly

Pro

Thr
170

Val

Artificial Sequ

Val Val Gln Pro
Phe Thr Phe Ser
30

Lys Gly Leu Glu
45

Tyr Tyr Thr Asp
60

Ser Lys Asn Thr
75

Thr Ala Val Tyr

Tyr Trp Gly Gln
110

Gly Pro Ser Val
125

Gly Thr Ala Ala
140

Val Thr Val Ser
155

Phe Pro Ala Val

Val Thr Val Pro

tgggggcaca

gtcgtggaac

ctcaggacte

gacctacatce

gcccaaatcet

gggaccgtca

ccctgaggte

ctggtacgtyg

caacagcacg

caaggagtac

ctccaaagec

ggagatgacc

catcgeegty

cgtgctggac

gtggcagcag

cacgcagaag

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1344

ence: Synthetic

Gly Arg
15

Ser Tyr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Gly Thr

Phe Pro

Leu Gly

Trp Asn
160

Leu Gln
175

Ser Ser
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132

Ser Leu Gly
195

Asn Thr Lys
210

His Thr Cys
225

Val Phe Leu

Thr Pro Glu

Glu Val Lys

275

Lys Thr Lys
290

Ser Val Leu
305

Lys Cys Lys

Ile Ser Lys

Pro Pro Ser
355

Leu Val Lys
370

Asn Gly Gln
385

Ser Asp Gly

Arg Trp Gln

Leu His Asn
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

180

Thr Gln Thr Tyr Ile

200

Val Asp Lys Lys Val

215

Pro Pro Cys Pro Ala
230

Phe Pro Pro Lys Pro

245

Val Thr Cys Val Val

260

Phe Asn Trp Tyr Val

280

Pro Arg Glu Glu Gln

295

Thr Val Leu His Gln
310

Val Ser Asn Lys Ala

325

Ala Lys Gly Gln Pro

340

Arg Glu Glu Met Thr

360

Gly Phe Tyr Pro Ser

375

Pro Glu Asn Asn Tyr
390

Ser Phe Phe Leu Tyr

405

Gln Gly Asn Val Phe

420

His Tyr Thr Gln Lys

D NO 66
H: 1332
DNA

440

185

Cys Asn Val

Glu Pro Lys

Pro Glu Leu

235

Lys Asp Thr
250

Val Asp Val
265

Asp Gly Val

Tyr Asn Ser

Asp Trp Leu

315

Leu Pro Ala
330

Arg Glu Pro
345

Lys Asn Gln

Asp Ile Ala

Lys Thr Thr
395

Ser Lys Leu
410

Ser Cys Ser
425

Ser Leu Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 66

caggtgcacc

tcctgtgeag

ccaggcaagg

acagactccg

ctgcaaatga

dgggcageag

accaagggcec

geggecctgg

tcaggegete

tggtggagtc

cgtetggatt

ggctggagtg

tgaagggccg

acagcctgag

cttetgacta

catcggtett

getgectggt

tgaccagegyg

tgggggaggce

caccttcagt

ggtggcagtt

attcaccatc

agccgaggac

ctggggccag

cececectggeyg

caaggactac

cgtgcacacc

gtggtccage

agctatggea

atatggtatg

tccagagaca

acggctgtgt

ggaaccctygg

cecctgeteca

ttceccecgaac

ttceccagetyg

190

Asn His Lys
205

Ser Cys Asp
220

Leu Gly Gly

Leu Met Ile

Ser His Arg
270

Glu Val His
285

Thr Tyr Arg
300

Asn Gly Lys

Pro Ile Glu

Gln Val Tyr
350

Val Ser Leu
365

Val Glu Trp
380

Pro Pro Val

Thr Val Asp

Val Met His
430

Leu Ser Pro
445

ctgggaggtc

tgcactgggt
atggaagtaa
attccaagaa
attactgtge
tcaccgtete
ggagcaccte
cggtgacggt

tcctacagte

Pro Ser

Lys Thr

Pro Ser
240

Ser Arg
255

Asp Pro

Asn Ala

Val Val

Glu Tyr
320

Lys Thr
335

Thr Leu

Thr Cys

Glu Ser

Leu Asp

400

Lys Ser
415

Glu Ala

Gly Lys

Synthetic
cctgagactce 60
ccgeccaggcet 120
ttactactat 180
cacgctgtat 240
gagagatctg 300
ctcagctage 360
cgagagcaca 420
gtcgtggaac 480
ctcaggactc 540
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tactccctca

tgcaacgtag

tgtgtcgagt

cccccaaaac

gtggacgtga

gtgcataatg

agcgtectca

tccaacaaag

cgagaaccac

agcctgacct

aatgggcage

ttcttectet

tcatgeteeg

tcteegggta

<210> SEQ I

<211> LENGT.
<212> TYPE:

gcagegtggt
atcacaagcc
geccacegty
ccaaggacac
gccacgaaga
ccaagacaaa
cegttgtgea
gecteccage
aggtgtacac
gectggtcaa
cggagaacaa
acagcaagct
tgatgcatga
aa

D NO 67

H: 444
PRT

gaccgtgece

cagcaacacc

cccagcacca

cctecatgate

cccegaggte

gccacgggag

ccaggactgg

ccccategag

cctgecceca

aggcttctac

ctacaagacc

caccgtggac

ggctctgcac

tccagcaact tcggcaccca

aaggtggaca agacagttga

cctgtggeayg gaccgtcagt

tcceggacce ctgaggtcac

cagttcaact ggtacgtgga

gagcagttceg ccagcacgtt

ctgaacggca aggagtacaa

aaaaccatct ccaaaaccaa

tccegggagy agatgaccaa

cccagegaca tcgecegtgga

acgcctecca tgctggacte

aagagcaggt ggcagcaggyg

aaccactaca cgcagaagag

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of

polyp

eptide

<400> SEQUENCE: 67

Gln Val His
1

Ser Leu Arg

Gly Met His
35

Ala Val Ile

Lys Gly Arg
65

Leu Gln Met

Ala Arg Asp

Leu Val Thr
115

Leu Ala Pro
130

Cys Leu Val
145

Ser Gly Ala

Ser Ser Gly

Asn Phe Gly

195

Asn Thr Lys

Leu Val Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Trp Tyr Asp Gly Ser

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Leu Gly Ala Ala Ala

100

Val Ser Ser Ala Ser

120

Cys Ser Arg Ser Thr

135

Lys Asp Tyr Phe Pro
150

Leu Thr Ser Gly Val

165

Leu Tyr Ser Leu Ser

180

Thr Gln Thr Tyr Thr

200

Val Asp Lys Thr Val

Gly

Ser

25

Pro

Asn

Asp

Glu

Ser

105

Thr

Ser

Glu

His

Ser
185

Cys

Glu

Gly

10

Gly

Gly

Tyr

Asn

Asp

90

Asp

Lys

Glu

Pro

Thr
170
Val

Asn

Arg

Artificial Sequ

Val Val Gln Pro
Phe Thr Phe Ser
30

Lys Gly Leu Glu
45

Tyr Tyr Thr Asp
60

Ser Lys Asn Thr
75

Thr Ala Val Tyr
Tyr Trp Gly Gln
110

Gly Pro Ser Val
125

Ser Thr Ala Ala
140

Val Thr Val Ser
155

Phe Pro Ala Val
Val Thr Val Pro
190

Val Asp His Lys
205

Lys Cys Cys Val

gacctacacce
gegcaaatgt
cttecctette
gtgcgtggtyg
cggcgtggag
cegtgtggte
gtgcaaggte
agggcagecc
gaaccaggte
gtgggagagce
cgacggetee
gaacgtctte

ccteteecty

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1332

ence: Synthetic

Gly Arg
15

Ser Tyr

Trp Val

Ser Val

Leu Tyr

80

Tyr Cys
95

Gly Thr

Phe Pro

Leu Gly

Trp Asn
160

Leu Gln
175
Ser Ser

Pro Ser

Glu Cys
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210

Pro Pro Cys
225

Pro Pro Lys

Thr Cys Val

Asn Trp Tyr

275

Arg Glu Glu
290

Val Val His
305

Ser Asn Lys

Lys Gly Gln

Glu Glu Met

355

Phe Tyr Pro
370

Glu Asn Asn
385

Phe Phe Leu

Gly Asn Val

Tyr Thr Gln
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

215

Pro Ala Pro Pro Val
230

Pro Lys Asp Thr Leu

245

Val Val Asp Val Ser

260

Val Asp Gly Val Glu

280

Gln Phe Ala Ser Thr

295

Gln Asp Trp Leu Asn
310

Gly Leu Pro Ala Pro

325

Pro Arg Glu Pro Gln

340

Thr Lys Asn Gln Val

360

Ser Asp Ile Ala Val

375

Tyr Lys Thr Thr Pro
390

Tyr Ser Lys Leu Thr

405

Phe Ser Cys Ser Val

420

Lys Ser Leu Ser Leu

D NO 68
H: 642
DNA

440

Ala Gly Pro
235

Met Ile Ser
250

His Glu Asp
265

Val His Asn

Phe Arg Val

Gly Lys Glu

315

Ile Glu Lys
330

Val Tyr Thr
345

Ser Leu Thr

Glu Trp Glu

Pro Met Leu
395

Val Asp Lys
410

Met His Glu
425

Ser Pro Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 68

gccatccagt

atcacttgee

gggaaagctce

aggttcageg

gaagattttyg

gggaccaagce

tctgatgage

cccagagagyg

gagagtgtca

ctgagcaaag

ctgagetege

<210> SEQ I

tgacccagte

gggcaagtca

ctaagctect

gcagtggatce

caacttatta

tggagatcaa

agttgaaatc

ccaaagtaca

cagagcagga

cagactacga

ccgtcacaaa

D NO 69

tccatcectcec

gggcattaac

gatctatgat

tgggacagat

ctgtcaacag

acgtacggtyg

tggaactgcc

gtggaaggtg

cagcaaggac

gaaacacaaa

gagcttcaac

ctgtctgeat

agtgctttag

gectcecagtt

ttcactctca

tttaatagtt

getgcaccat

tetgttgtgt

gataacgcce

agcacctaca

gtctacgect

aggggagagt

220

Ser Val Phe

Arg Thr Pro

Pro Glu Val
270

Ala Lys Thr
285

Val Ser Val
300

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro
350

Cys Leu Val
365

Ser Asn Gly
380

Asp Ser Asp

Ser Arg Trp

Ala Leu His
430

Lys

ctgtaggaga
cctggtatca
tggaaagtgg
ccatcagcag
accctceatac
ctgtctteat
gectgetgaa
tccaatcggy
gectcageag
gcgaagtcac

gt

Leu Phe
240

Glu Val
255

Gln Phe

Lys Pro

Leu Thr

Lys Val
320

Lys Thr
335

Ser Arg

Lys Gly

Gln Pro

Gly Ser
400

Gln Gln
415

Asn His

Synthetic
cagagtcacc 60
gcagaaacca 120
ggtcccatca 180
cctgcagect 240
ttttggecag 300
cttececcgeca 360
taacttctat 420
taactcccag 480
caccctgacy 540
ccatcagggce 600

642
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138

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide
<400> SEQUENCE: 69

Ala Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Asn Ser
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu
35 40 45

Tyr Asp Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln
65 70 75

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Phe Asn Ser Tyr Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Val Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> SEQ ID NO 70

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 70

Met Thr Met Glu Thr Gln Met Ser Gln Asn Val Cys Pro Arg Asn
1 5 10 15

Trp Leu Leu Gln Pro Leu Thr Val Leu Leu Leu Leu Ala Ser Ala
20 25 30

Ser Gln Ala Ala Ala Pro Pro Lys Ala Val Leu Lys Leu Glu Pro
35 40 45

Trp Ile Asn Val Leu Gln Glu Asp Ser Val Thr Leu Thr Cys Gln
50 55 60

Ala Arg Ser Pro Glu Ser Asp Ser Ile Gln Trp Phe His Asn Gly
65 70 75

Leu Ile Pro Thr His Thr Gln Pro Ser Tyr Arg Phe Lys Ala Asn
85 90 95

Asn Asp Ser Gly Glu Tyr Thr Cys Gln Thr Gly Gln Thr Ser Leu
100 105 110

Synthetic

Gly

Ala

Ile

Gly

Pro

80

His

Ala

Gly

Ala

Gln

160

Ser

Tyr

Ser

Leu

Asp

Pro

Gly

Asn

80

Asn

Ser
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Asp Pro Val His Leu Thr Val Leu
115 120

Pro His Leu Glu Phe Gln Glu Gly
130 135

Ser Trp Lys Asp Lys Pro Leu Val
145 150

Lys Ser Gln Lys Phe Ser His Leu
165

Ala Asn His Ser His Ser Gly Asp
180

Tyr Thr Leu Phe Ser Ser Lys Pro
195 200

Ser Met Gly Ser Ser Ser Pro Met
210 215

Ala Thr Ala Val Ala Ala Ile Val
225 230

Cys Arg Lys Lys Arg Ile Ser Ala
245

Ala Gln Phe Glu Pro Pro Gly Arg
260

Gln Leu Glu Glu Thr Asn Asn Asp
275 280

Met Thr Leu Asn Pro Arg Ala Pro
290 295

Leu Thr Leu Pro Pro Asn Asp His
305 310

<210> SEQ ID NO 71

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 71

Met Thr Met Glu Thr Gln Met Ser
1 5

Trp Leu Leu Gln Pro Leu Thr Val
20

Ser Gln Ala Ala Ala Pro Pro Lys
35 40

Trp Ile Asn Val Leu Gln Glu Asp

Ala Arg Ser Pro Glu Ser Asp Ser
65 70

Leu Ile Pro Thr His Thr Gln Pro
85

Asn Asp Ser Gly Glu Tyr Thr Cys
100

Asp Pro Val His Leu Thr Val Leu
115 120

Pro His Leu Glu Phe Gln Glu Gly
130 135

Ser Trp Lys Asp Lys Pro Leu Val
145 150

Lys Ser Gln Lys Phe Ser Arg Leu

Ser

Glu

Lys

Asp

Tyr

185

Val

Gly

Ala

Asn

Gln

265

Tyr

Thr

Val

Gln

Leu

25

Ala

Ser

Ile

Ser

Gln

105

Ser

Glu

Lys

Asp

Glu

Thr

Val

Pro

170

His

Thr

Ile

Ala

Ser

250

Met

Glu

Asp

Asn

Asn

10

Leu

Val

Val

Gln

Tyr

90

Thr

Glu

Thr

Val

Pro

Trp

Ile

Thr

155

Thr

Cys

Ile

Ile

Val

235

Thr

Ile

Thr

Asp

Ser
315

Val

Leu

Leu

Thr

Trp

75

Arg

Gly

Trp

Ile

Thr

155

Thr

Leu

Met

140

Phe

Phe

Thr

Thr

Val

220

Val

Asp

Ala

Ala

Asp

300

Asn

Cys

Leu

Lys

Leu

60

Phe

Phe

Gln

Leu

Met

140

Phe

Phe

Val

125

Leu

Phe

Ser

Gly

Val

205

Ala

Ala

Pro

Ile

Asp

285

Lys

Asn

Pro

Ala

Leu

45

Thr

His

Lys

Thr

Val

125

Leu

Phe

Ser

Leu

Arg

Gln

Ile

Asn

190

Gln

Val

Leu

Val

Arg

270

Gly

Asn

Arg

Ser

30

Glu

Cys

Asn

Ala

Ser

110

Leu

Arg

Gln

Ile

Gln

Cys

Asn

Pro

175

Ile

Val

Val

Ile

Lys

255

Lys

Gly

Ile

Asn

15

Ala

Pro

Gln

Gly

Asn

95

Leu

Gln

Cys

Asn

Pro

Thr

His

Gly

160

Gln

Gly

Pro

Ile

Tyr

240

Ala

Arg

Tyr

Tyr

Leu

Asp

Pro

Gly

Asn

80

Asn

Ser

Thr

His

Gly

160

Gln
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Ala

Tyr

Ser

Ala

225

Cys

Ala

Gln

Met

Leu
305

Asn

Thr

Met

210

Thr

Arg

Gln

Leu

Thr

290

Thr

His

Leu

195

Gly

Ala

Lys

Phe

Glu

275

Leu

Leu

Ser

180

Phe

Ser

Val

Lys

Glu

260

Glu

Asn

Pro

165

His Ser

Ser Ser

Ser Ser

Ala Ala

230

Arg Ile

245

Pro Pro

Thr Asn

Pro Arg

Pro Asn
310

<210> SEQ ID NO 72

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gly Ile Leu

1

Ala

Ala

Lys

Asp

65

Ser

Pro

Cys

Leu

Gly

145

Ser

Asp

Pro

Asp

Val

Ala

Ser

Ile

Ser

Gln

Ser

130

Glu

Lys

Asp

Tyr

Val
210

Cys

Leu

35

Val

Val

Gln

Tyr

Thr

115

Glu

Thr

Val

Pro

His

195

Thr

Lys

20

Phe

Leu

Thr

Trp

Arg

100

Gly

Trp

Ile

Thr

Asn
180

Cys

Ile

310

Homo sapiens

72

Ser Phe

Ser Pro

Leu Ala

Lys Leu

Leu Thr

70

Phe His
85

Phe Lys

Gln Thr

Leu Val

Val Leu
150

Phe Phe
165
Phe Ser

Thr Gly

Thr Val

Gly

Lys

Pro

215

Ile

Ser

Gly

Asn

Ala

295

Asp

Leu

Gln

Pro

Glu

55

Cys

Asn

Ala

Ser

Leu

135

Arg

Gln

Ile

Asn

Gln
215

Asp

Pro

200

Met

Val

Ala

Arg

Asp

280

Pro

His

Pro

Pro

Val

40

Pro

Arg

Gly

Asn

Leu

120

Gln

Cys

Asn

Pro

Ile
200

Ala

Tyr

185

Val

Gly

Ala

Asn

Gln

265

Tyr

Thr

Val

Val

Trp

25

Ala

Gln

Gly

Asn

Asn

105

Ser

Thr

His

Gly

Gln
185

Gly

Pro

170

His

Thr

Ile

Ala

Ser

250

Met

Glu

Asp

Asn

Leu

10

Gly

Gly

Trp

Thr

Leu

90

Asn

Asp

Pro

Ser

Lys

170

Ala

Tyr

Ser

Cys

Ile

Ile

Val

235

Thr

Ile

Thr

Asp

Ser
315

Ala

His

Thr

Ile

His

75

Ile

Asp

Pro

His

Trp

155

Ser

Asn

Thr

Ser

Thr

Thr

Val

220

Val

Asp

Ala

Ala

Asp

300

Asn

Thr

Met

Pro

Asn

60

Ser

Pro

Ser

Val

Leu

140

Lys

Lys

His

Leu

Ser
220

Gly

Val

205

Ala

Ala

Pro

Ile

Asp

285

Lys

Asn

Glu

Leu

Ala

45

Val

Pro

Thr

Gly

His

125

Glu

Asp

Lys

Ser

Tyr
205

Pro

Asn

190

Gln

Val

Leu

Val

Arg

270

Gly

Asn

Ser

Leu

30

Ala

Leu

Glu

His

Glu

110

Leu

Phe

Lys

Phe

His
190

Ser

Met

175

Ile

Val

Val

Ile

Lys

255

Lys

Gly

Ile

Asp

15

Trp

Pro

Gln

Ser

Thr

95

Tyr

Thr

Gln

Pro

Ser
175
Ser

Ser

Gly

Gly

Pro

Ile

Tyr

240

Ala

Arg

Tyr

Tyr

Trp

Thr

Pro

Glu

Asp

80

Gln

Thr

Val

Glu

Leu

160

Arg

Gly

Lys

Ile
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-continued

Ile Val Ala Val Val Thr Gly Ile Ala Val Ala Ala Ile Val Ala Ala

225 230 235 240

Val Val Ala Leu Ile Tyr Cys Arg Lys Lys Arg Ile Ser Ala Leu Pro

245 250 255
Gly Tyr Pro Glu Cys Arg Glu Met Gly Glu Thr Leu Pro Glu Lys Pro
260 265 270
Ala Asn Pro Thr Asn Pro Asp Glu Ala Asp Lys Val Gly Ala Glu Asn
275 280 285
Thr Ile Thr Tyr Ser Leu Leu Met His Pro Asp Ala Leu Glu Glu Pro
290 295 300

Asp Asp Gln Asn Arg Ile

305 310

<210> SEQ ID NO 73

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 73

Gly Phe Thr Phe Ser Tyr Tyr Trp

1 5

<210> SEQ ID NO 74

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 74

Ile Arg Leu Lys Ser Asn Asn Tyr Ala Thr

1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 75

Asn Arg Arg Asp Glu Tyr Tyr Ala Met Asp Tyr

1 5 10

<210> SEQ ID NO 76

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide

<400> SEQUENCE:

76

Glu Ser Val Asp Asn Phe Gly Ile Ser Phe

1

5

<210> SEQ ID NO 77
<211> LENGTH: 3
<212> TYPE:
<213> ORGANISM: Artificial Sequence

PRT

10
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-continued

146

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 77

Gly Ala Ser
1

<210> SEQ ID NO 78

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 78

Gln Gln Ser Lys Glu Val Pro Trp Thr
1 5

<210> SEQ ID NO 79

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 79

Gly Tyr Thr Phe Thr Asn Tyr Gly
1 5

<210> SEQ ID NO 80

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 80

Leu Asn Thr Tyr Thr Gly Glu Ser
1 5

<210> SEQ ID NO 81

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 81

Ala Arg Gly Asp Tyr Gly Tyr Asp Asp Pro Leu Asp Tyr
1 5 10

<210> SEQ ID NO 82

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 82

Lys Ser Leu Leu His Thr Asn Gly Asn Thr Tyr
1 5 10

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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148

<210> SEQ ID NO 83

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide

<400> SEQUENCE: 83

Arg
1

Met Ser

<210> SEQ ID NO 84

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide

<400> SEQUENCE: 84

Met
1

Gln His Leu Glu Tyr Pro Leu Thr
5

<210> SEQ ID NO 85

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

<400> SEQUENCE: 85

Asp

1

Glu

Asn

Pro

Asp

65

Ser

Leu

Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Thr Pro Gly
Pro Ala Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Thr
20 25 30

Gly Asn Thr Tyr Leu Asp Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Gln Leu Leu Ile Tyr Arg Met Ser Tyr Arg Ala Ser Gly Val Pro
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
70 75 80

Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln His
85 90 95

Glu Tyr Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105 110

<210> SEQ ID NO 86

<211> LENGTH: 657

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 86

gatattgtga tgacccagac tccactctee ctgcccgtcea ccectggaga geeggectec

atctcctgeca ggtctagtaa gtetetgetyg cataccaacg ggaacaccta tttggactgg

tacctgcaga agccagggca gtctccacag ctectgatet ataggatgte ctatcegggece

tctggagtee cagacaggtt cagtggcagt gggtcaggea ctgatttcac actgaaaatce

60

120

180

240
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150

agcagggtgg

ctgacctteg

ttcatcttcee

ctgaataact

tcgggtaact

agcagcaccc

gtcacccatce

<210>
<211>
<212>
<213>
<220>
<223>

aggctgagga
geggagggac
cgccatctga
tctatcccag
cccaggagag
tgacgctgag

agggcctgag

PRT

SEQ ID NO 87
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

219

polypeptide

<400> SEQUENCE:

Asp

1

Glu

Asn

Pro

Asp

65

Ser

Leu

Arg

Gln

Tyr

145

Ser

Thr

Lys

Pro

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Pro

Gly

Gln

50

Arg

Arg

Glu

Thr

Leu

130

Pro

Gly

Tyr

His

Val
210

Val

Ala

Asn

35

Leu

Phe

Val

Tyr

Val

115

Lys

Arg

Asn

Ser

Lys

195

Thr

Met

Ser

20

Thr

Leu

Ser

Glu

Pro

100

Ala

Ser

Glu

Ser

Leu

180

Val

Lys

SEQ ID NO
LENGTH: 8
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

PRT

peptide

<400> SEQUENCE:

87

Thr Gln

Ile Ser

Tyr Leu

Ile Tyr

Gly Ser

70

Ala Glu
85

Leu Thr
Ala Pro
Gly Thr
Ala Lys

150
Gln Glu
165
Ser Ser

Tyr Ala

Ser Phe

88

88

Thr

Cys

Asp

Arg

Gly

Asp

Phe

Ser

Ala

135

Val

Ser

Thr

Cys

Asn
215

tgttggagtt
caaggtggag
tgagcagttyg
agaggccaaa
tgtcacagag
caaagcagac

ctegeeegte

Pro

Arg

Trp

40

Met

Ser

Val

Gly

Val

120

Ser

Gln

Val

Leu

Glu

200

Arg

Gly Phe Thr Phe Ser Tyr Tyr Trp

tattactgca tgcagcatct

atcaaacgta cggtggctge

aaatctggaa ctgcctetgt

gtacagtgga aggtggataa

caggacagca

tacgagaaac

acaaagagct

Leu

Ser

25

Tyr

Ser

Gly

Gly

Gly

105

Phe

Val

Trp

Thr

Thr

185

Val

Gly

Ser

10

Ser

Leu

Tyr

Thr

Val

90

Gly

Ile

Val

Lys

Glu

170

Leu

Thr

Glu

Artificial Sequence:

Leu

Lys

Gln

Arg

Asp

75

Tyr

Thr

Phe

Cys

Val

155

Gln

Ser

His

Cys

aggacagcac

acaaagtcta

tcaacagggyg

Pro

Ser

Lys

Ala

60

Phe

Tyr

Lys

Pro

Leu

140

Asp

Asp

Lys

Gln

Val

Leu

Pro

45

Ser

Thr

Cys

Val

Pro

125

Leu

Asn

Ser

Ala

Gly
205

Thr

Leu

30

Gly

Gly

Leu

Met

Glu

110

Ser

Asn

Ala

Lys

Asp

190

Leu

ggagtatcca

accatctgte

tgtgtgecety

cgcectecaa

ctacagecte

cgectgegaa

agagtgt

Pro

15

His

Gln

Val

Lys

Gln

95

Ile

Asp

Asn

Leu

Asp

175

Tyr

Ser

300

360

420

480

540

600

657

Synthetic

Gly

Thr

Ser

Pro

Ile

80

His

Lys

Glu

Phe

Gln

160

Ser

Glu

Ser

Synthetic
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-continued

152

<210> SEQ ID NO 89

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 89

Ile Arg Leu Lys Ser Asn Asn Tyr Ala Thr
1 5 10

<210> SEQ ID NO 90

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 90

Asn Arg Arg Asp Glu Tyr Tyr Ala Met Asp Tyr
1 5 10

<210> SEQ ID NO 91

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 91

Glu Ser Val Asp Asn Phe Gly Ile Ser Phe
1 5 10

<210> SEQ ID NO 92

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 92

Gly Ala Ser
1

<210> SEQ ID NO 93

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 93

Gln Gln Ser Lys Glu Val Pro Trp Thr
1 5

<210> SEQ ID NO 94

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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-continued

154

peptide
<400> SEQUENCE: 94

Gly Phe Thr Phe Ser Ser Tyr Gly
1 5

<210> SEQ ID NO 95

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 95

Ile Trp Tyr Asp Gly Ser Asn Tyr
1 5

<210> SEQ ID NO 96

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 96

Ala Arg Asp Leu Gly Ala Ala Ala Ser Asp Tyr
1 5 10

<210> SEQ ID NO 97

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 97

Gln Gly Ile Asn Ser Ala
1 5

<210> SEQ ID NO 98

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 98

Asp Ala Ser
1

<210> SEQ ID NO 99

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 99
Gln Gln Phe Asn Ser Tyr Pro His Thr

1 5

<210> SEQ ID NO 100

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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156

-continued

<211>
<212>
<213>
<220>
<223>

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 100
Lys Ser Leu Leu His Thr Asn Gly Asn Thr Tyr
1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 101

LENGTH: 3

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

<400> SEQUENCE: 101
Arg Met Ser
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 102

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 102

Met Gln His Leu Glu Tyr Pro Leu Thr
1 5

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

What is claimed is:

1. A method for inhibiting IgG-Fc ligand binding to CD32a
in a human subject comprising: administering a therapeuti-
cally effective amount of an effector-deficient anti-CD32a
monoclonal antibody to a human subject, wherein the anti-
body comprises two CD32a binding domains and at least a
portion of a C,2 domain, and is effector-deficient, thereby
inhibiting IgG-Fc ligand binding to CD32a.

2. The method of claim 1, wherein the effector-deficient
antibody satisfies both the IgG Immune Complex Testand the
Immobilized IgG Test, and wherein the FC region of the
effector-deficient antibody has been altered so as to reduce or
eliminate Fe-binding to CD16, CD32, and/or CD64 type I1gG
receptors.

3. The method of claim 1, wherein the subject has an
IgG-mediated hemostatic disorder.

4. The method of claim 3, wherein the hemostatic disorder
is thrombosis with or without thrombocytopenia.

5. The method of claim 3, wherein the hemostatic disorder
is selected from the group consisting of IgG-mediated-throm-
bocytopenia, immune-mediated-thrombocytopenia (ITP),
antiphospholipid syndrome (APS), anti-platelet-antibody
disorders, heparin-induced thrombocytopenia (HIT), and
heparin-induced thrombocytopenia with thrombosis (HITT).

6. The method of claim 1, wherein the subject has an
IgG-mediated immune, autoimmune, or inflammatory dis-
ease or disorder.

7. The method of claim 6, wherein the IgG-mediated
immune, autoimmune or inflammatory disorder is selected
from the group consisting of rheumatoid arthritis (RA), pso-
riasis, psoriatic arthritis, ankylosing spondylitis, inflamma-

40

45

50

55

60

tory bowel disease, ulcerative colitis, Crohn’s disease,
antiphospholipid syndrome (APS), osteoarthritis, systemic
lupus erythematous (SLE), lupus nephritis, IgG antibody-
induced anemia, and IgG-mediated cytopenia.

8. The method of claim 1, wherein the subject has an IgG
immune complex-mediated disease or disorder.

9. The method of claim 8, wherein the 1gG immune com-
plex-mediated disease or disorder is an anti-therapeutic-anti-
body (ATA) response caused by administration of a non-anti-
CD32a monoclonal antibody or fragment thereof.

10. The method of claim 9, wherein the non-anti-CD32a
antibody is infliximab, adalimumab, certolizumab pegol (an-
tibody-like), golimumab, etanercept (antibody-like), usteki-
numab, omalizumab, or bevacizumab.

11. The method of claim 9, wherein the effector deficient
anti-CD32a antibody is administered prior to, concurrently
with, or following the non-anti-CD32a monoclonal antibody.

12. The method of claim 9, wherein the IgG immune com-
plex-mediated disease or disorder occurs in a patient being
treated with a non-anti-CD32a monoclonal antibody for the
treatment of rheumatoid arthritis, systemic lupus erythema-
tosus (SLE), lupus nephritis, or inflammatory bowel disease
(IBD), including ulcerative colitis and Crohn’s disease.

13. The method of claim 1, wherein the subject has a
disease or disorder characterized by IgG localized on the
surface of cells circulating in the blood of the human subject.

14. The method of claim 13, wherein the circulating cell
type is comprised of one or more of the following: platelets,
erythrocytes, monocytes, neutrophils, basophils, eosinophils,
B-lymphocytes, macrophages, mast cells, leukemia cells, or
microbes.
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15. The method of claim 13, wherein the disease or disor-
der is selected from one or more of the following: thromb-
ocytopenia, leukopenia, neutropenia, lymphopenia, monocy-
topenia, anemia, hemolytic anemia, or sepsis.

16. A method for treating antibody-mediated allergic or
hypersensitivity reactions of type I, type II, or type IIl in a
human subject comprising: administering a therapeutically
effective amount of an effector-deficient anti-CD32a mono-
clonal antibody to a human subject, wherein the antibody
comprises two CD32 binding domains and at least a portion
of a C,2 domain, and is effector-deficient, thereby treating
the antibody-mediated allergic or hypersensitivity reactions

of type I, type 11, or type I11.

17. The method of claim 16, wherein the allergic disorder
is selected from the group consisting of atopy, contact der-
matitis, allergic rhinitis, systemic anaphylaxis, localized ana-
phylaxis as exhibited in hay fever, asthma, hives, food aller-
gies, and eczema, allergic reactions to vaccines, allergic
reactions to foods, allergic reactions to, allergic reactions to
insect products, allergic reactions to drugs, allergic reactions
to mold spores, allergic reactions to animal hair and dander,
allergic reactions to latex, blood transfusion reactions, plate-
let transfusion reactions, erythrocyte transfusion reactions,
erythroblastosis fetalis, hemolytic anemia, serum sickness,
infusion reactions, necrotizing vasculitis, glomerulonephri-
tis, rheumatoid arthritis, systemic lupus erythematosus, and
allergic reactions to microorganisms.

18. The method of claim 1, wherein the monoclonal anti-
body is humanized.

19. The method of claim 1, wherein the antibody com-

prises:

a. a heavy chain variable region CDR1 sequence compris-
ing a sequence thatis identical to the sequence Y Y WMN
(SEQID NO: 1) or GFTFSYYW (SEQ ID NO: 73 and
SEQ ID NO: 88);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that is identical to the sequence EIRLK-
SNNYATHYAESVKG (SEQ ID NO: 2) or IRLKSN-
NYAT (SEQ ID NO: 74 and SEQ ID NO: 89);

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is identical to the sequence
RDEYYAMDY (SEQ ID NO: 3) or NRRDEYYAMDY
(SEQ ID NO: 75 and SEQ ID NO: 90);

d. alight chain variable region CDR1 sequence comprising
a sequence that is identical to the sequence RASESVD-
NFGISFMN (SEQ ID NO: 4) or ESVDNFGISF (SEQ
ID NO: 76 and SEQ ID NO: 91);

e. alight chain variable region CDR2 sequence comprising
a sequence that is identical to the sequence GASNQGS
(SEQ ID NO: 5) or GAS (SEQ ID NO: 77 and SEQ ID
NO: 92); and

f. alight chain variable region CDR3 sequence comprising
a sequence that is identical to the sequence
QQSKEVPWT (SEQ ID NO: 6) or QQSKEVPWT
(SEQ ID NO:78 and SEQ ID NO: 93).

20. The method of claim 19, wherein the antibody com-
prises a variable heavy chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% identical to the sequence shown in SEQ ID NO: 8 or
SEQID NO: 12, and a variable light chain sequence compris-
ing a sequence that is at least 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identical to the sequence shown in
SEQ ID NO: 10 or SEQ ID NO: 14.

5
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21. The method of claim 19, wherein the antibody com-

prises:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 16, SEQ ID NO: 18, or
SEQ ID NO: 20; and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 22, or SEQ ID NO: 24.

22. The method of claim 1, wherein the antibody com-

prises:

a. a heavy chain variable region CDR1 sequence compris-
ing a sequence that is identical to the sequence NYGMN
(SEQID NO: 25) or GYTFINYG (SEQ ID NO: 79);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that identical to the sequence WLNTYT-
GESIYPDDFKG (SEQ ID NO: 26) or LNTYTGES
(SEQ ID NO: 80);

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is identical to the sequence GDYGY-
DDPLDY (SEQ ID NO: 27) or ARGDYGYDDPLDY
(SEQID NO: 81);

d. alight chain variable region CDR1 sequence comprising
a sequence that is identical to the sequence RSSK-
SLLHTNGNTYLH (SEQ ID NO: 28) or KSLLHT-
NGNTY (SEQ ID NO: 82 and SEQ ID NO: 100);

e. alight chain variable region CDR2 sequence comprising
a sequence identical to the sequence RMSVLAS (SEQ
IDNO: 29) or RMS (SEQ ID NO: 83 SEQ ID NO: 101);
and
alight chain variable region CDR3 sequence comprising

a sequence that is identical to the sequence MQH-
LEYPLT (SEQ ID NO: 30 and SEQ ID NO: 84 and
SEQ ID NO: 102).

23. The method of claim 22, wherein the antibody com-

prises:

a. a variable heavy chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to the sequence shown in SEQ ID
NO: 32, SEQ ID NO: 36, or SEQ ID NO: 38; and

b. a variable light chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to the sequence shown in SEQ ID
NO: 34, SEQ ID NO: 41 or SEQ ID 85.

24. The method of claim 22, wherein the antibody com-

prises:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 43, SEQ ID NO: 45,
SEQ ID NO: 47, or SEQ ID NO: 49; and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 51, SEQ ID NO: 53 or
SEQ ID NO: 87.

25. The method of claim 1, wherein the antibody com-

prises:

a. a heavy chain variable region CDR1 sequence compris-
ing a sequence that is identical to the sequence SYGMH
(SEQ ID NO: 54) or GFTFSSYG (SEQ ID NO: 94);

b. a heavy chain variable region CDR2 sequence compris-
ing a sequence that is identical to the sequence VIW-
YDGSNYYYTDSVKG (SEQ ID NO: 55) or IWYDG-
SNY (SEQ ID NO: 95);

c. a heavy chain variable region CDR3 sequence compris-
ing a sequence that is identical to the sequence
DLGAAASDY (SEQIDNO: 56) or ARDLGAAASDY
(SEQ ID NO: 96);
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d. alight chain variable region CDR1 sequence comprising
a sequence that is identical to the sequence RASQGIN-
SALA (SEQ ID NO: 57) or QGINSA (SEQ ID NO: 97);

e. alight chain variable region CDR2 sequence comprising
a sequence that is identical to the sequence DASSLES
(SEQ ID NO: 58) or DAS (SEQ ID NO: 98); and

f. alight chain variable region CDR3 sequence comprising
a sequence that is identical to the sequence QQFN-
SYPHT (SEQ ID NO: 59) or QQFNSYPHT (SEQ ID
NO: 99).

26. The method of claim 25, wherein the antibody com-

prises:

a. a variable heavy chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to the sequence shown in SEQ ID
NO: 61; and

b. a variable light chain sequence comprising a sequence
that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to the sequence shown in SEQ ID
NO: 63.

27. The method of claim 25, wherein the antibody com-

prises:

a. a heavy chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 65 or SEQ ID NO: 67;
and

b. a light chain sequence that is at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence shown in SEQ ID NO: 69.

#* #* #* #* #*
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